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for relief painful leg cramps peripheral vascular disease 


“suprine hyd 


relaxant 


Proved clinically VASODILAN increases deep periph- 
eral circulation direct action. There are virtually side 
effects with oral 


Dosage and administration: Oral—10 
I.M.—5 mg. b.i.d. t.i.d. 


Contraindications: There are 
known contraindications oral ad- 
ministration VASODILAN recom- 
mended doses. 


Cautions: VASODILAN should not 
given immediately postpartum 
the presence arterial bleeding. 
Parenteral administration not rec- 
ommended the presence hypo- 
tension tachycardia. Intravenous 
administration not 
because the increased likelihood 
side effects. 


Side effects: Few side effects occur 
when given recommended doses. 
Occasional palpitation and dizziness 
can usually controlled dosage 
adjustment. Single intramuscular 
doses mg. more may result 
hypotension tachycardia. 


Supplied: mg. tablets, bottles 
100; cc. ampuls containing mg. 
for intramuscular use, 
boxes 


For complete details indications, 
dosage, administration, and clinical 
background VASODILAN, see the bro- 
chure this product available 
request from Mead Johnson Labora- 
tories, Evansville 21, Indiana. 


References: (1) Kaindl, Samuels, 
S.; Selman, D., and Shaftel, 
Angiology 10:185-192 1959. (2) 
Angiology 11:190-192 i960. (3) 
Samuels, S., and Shaftel, E.: 
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For the unique advantages permanent, 
immediately visible inkless recordings true 
rectangular coordinates—in applications 
ranging from cardiac catheterization and phar- 
macological studies student physiology 
laboratory work the wide variety combi- 
nations and choices offered Sanborn direct 
writers provides almost 
system for your particular needs. 


The proven reliability and simplicity tube 
circuits, 8-channel systems with wide 
choice interchangeable plug-in preampli- 
fiers, horizontal chart plane and system fre- 
quency response 100 are offered the 
widely-used Series. For extended fre- 
quency response, greater compactness and other 
advantages solid state circuitry applica- 
tions channels, the new system 
channels) and the new 296T channels) 
combine the most modern electronic design 
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CAN VIRTUALLY 
“DESIGN YOUR OWN" 
DIRECT WRITING SYSTEM 


358 WITH 


SYSTEM 


features with simple, economical cabinet pack- 
aging. When the greatest possible versatility 
channels are required, Series sys- 
tems provide the maximum performance and 
flexibility all Sanborn direct writers. Flush 
front recorder has vertical chart -plane, and 
wide choice interchangeable preamplifiers. 
For portability and 2-channel systems, 
Models 299, 301, 320, 321 and 322 are com- 
pact, modern, lightweight units designed 
handle wide variety applications. 


For complete information these systems, 
call your nearest Sanborn Branch Office 
Service Agency, write Manager, Research. 
Instrument Sales, Medical Division. 


DIVISION 
SAN COMPANY 
175 Wyman St., Waltham 54, Massachusetts 
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Inflammatory reaction 
following stress! 


inflammation, either localized generalized nature, capillary damage increased 
permeability, resulting seepage blood constituents into the tissues uniform 
basic reaction resulting from injury stressors various types: 


PHYSICAL: Trauma, surgery, overexertion, sprains 
NUTRITIONAL: Malnutrition, toxins, pregnancy, growth 
ENVIRONMENTAL: Temperature, pressure, radiation, allergies 
DISEASE STATES: Viral, bacterial, malignancies, endocrine 


The role the citrus bioflavonoids the prevention reversal the inflammatory 
process multiple through: 


Maintenance capillary integrity 


cellular metabolic processes, potentiating corticosteroids, vitamins and essen- 
tial nutrients, and inhibition hyaluronidase 


Direct anti-inflammatory action 


the inflammatory conditions include the citrus bioflavonoids 
(Lemon Bioflavonoid Complex, Hesperidin Complex and Hesperidin Methyl 
Chalcone) therapeutic adjuncts. 


Sunkist Growers 


PHARMACEUTICAL DIVISION ONTARIO, CALIFORNIA 


Specialty formulations leading pharma- 
ceutical manufacturers contain Sunkist® 
Brand Citrus Bioflavonoids. 
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Editorial Communications 


Clinical Pharmacology and Therapeutics 
journal devoted the publication original articles and 
reviews dealing with the effects drugs man. Articles 
are accepted the condition that they are contributed 
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views and statements authors expressed their com- 
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Summaries. summary not more than 250 words 
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Society will appear the Journal. 
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Unless your practice limited 
bacteriology your patients 


are all the upper income 


brackets...you have doubtless re- 


ceived complaints about the cost 
the medication you prescribe. 


what your patient 
gets 


Some these complaints can probably dismissed lightly 
coming from cranks, who would complain about your fee 
midnight house call save the life dying child. Others, how- 
ever, are made seriously thoughtful patients and deserve 
answer kind. You know what the patient gets from his phar- 
macist because you have prescribed it. you also know that 


the average cost prescription about $3.00? Only about one 
100 costs $10.00 more, and out the prescriptions 
are under $3.00. These figures are based retail prices. 
include the research, development, and manv- 
facturing costs and all distribution costs the wholesale and the 


retail druggist. Only you and your patients can judge whether 
today’s drugs these prices represent fair quid pro quo, 
equitable balance between what given and what received. 


This message brought you 138 producers prescription drugs 
service the medical profession and the same spirit, carried 
this publication. For additional information, please write 
tical Manufacturers Association, Street, N.W., Washington 
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Erythropoietin—a significant 
discovery clinical hematology 


wealth evidence now confirms the fact that red blood 
cell production controlled the hormone erythropoi- 
Demonstrated human erythropoietin 
has been shown produce increase 
utilization the isotope, and increase erythrocyte 
precursors marrow 


erythropoietin blood levels can 


demonstrated severe anemia and 


Soon thereafter, the effect 


creased erythroid marrow activity.!° 


Since the hemopoietic marrow ca- 


normally anemias may 


due inadequate erythropoietin 


FORMATION 


V-00361-R 


May-June, 1961 


tion excessive excretion. 


how does erythropoietin affect iron metabolism? Absorp- 
tion and utilization iron are dependent upon the rate 
bone marrow erythropoiesis which, turn, dependent 
upon erythropoietin Thus, the demand for iron 


created accelerated erythropoiesis satisfied both 
increased gastrointestinal absorption and mobilization 
storage iron. Inadequate erythropoietin levels would seem- 
ingly account for the frequently disappointing results with 
the use iron alone many the anemias. 


can medication increase erythropoietin levels? Cobalt has 
been shown strikingly effective increasing the 
production Cobalt-enhanced eryth- 
ropoietin accelerates red cell production and improves 
iron utilization with subsequent increase hemoglobin 
and erythrocytes. The new concepts the cause, 
diagnosis, and management anemia may now applied 
clinically the sound basis extensive studies published 


(1) Gordon, A. S.: Physiol. Rev. 39:1, 1959. (2) Erslev, A. J.: J. Lab. & 
Clin. Med. 50:543, 1957. (3) Rosse, F., and Gurney, W.: Lab. 
Clin. Med. 53:446, 1959. (4) Gurney, C. W.; Goldwasser, E., and Pan, C.: 
Lab. Clin. Med. 50:534, 1957. (5) Rambach, A.; Alt, F., and 
Cooper, J. A. D.: Blood 12:1101, 1957. (6) Gordon, A. S., et al.: Proc. Soc. 
Exp. Biol. Med. 92:598, 1956. (7) J.: Blood 10:954, 1955. 
(8) Goldwasser, E.; Jacobson, L. 0.; Fried, W., and Plzak, L. F.: Blood 13:55, 
1958. (9) Stohiman, F., Jr., and Brecher, G.: Proc. Soc. Exp. Biol. & Med. 
100:40, 1959. (10) Kraus, M., and Kraus, Fed. Proc. 18:1051, 
1959. (11) Bothwell, T. H.; Pirzio-Biroli, G., and Finch, C. A.: J. Lab. & 
Clin. Med. 51:24, 1958. (12) Beutler, E., and Buttenwieser, E.: Lab. 
& Clin. Med. 55:274, 1960. (13) Goldwasser, E.; Jacobson, L. 0.; Fried, W., 
and Plizak, L.: Science 125:1085, 1957. (14) Murdock, H. R., Jr., and 
Klotz, Am. Pharm. (Scient. Ed.) 48:143, 1959. 


*Cobalt chloride (cobalt 3.7 mg.), mg. ferrous 
sulfate exsiccated, 100 mg. 


LLOYD BROTHERS, INC. 


Cincinnati, Ohio 
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clinical experience continues indicate 
value the CYTOTOXIC AGENT... 


Cyclophosphamide, Mead Johnson 


for palliative chemotherapy 
certain types malignant neoplasms 


“Cyclophosphamide [Cytoxan] has proved valuable addition 
chemotherapeutic drugs available for the treatment malignant 
diseases the haemopoietic and reticuloendothelial systems.... 
Particularly effective Hodgkin’s disease, lymphosarcoma, chronic 
lymphocytic leukaemia, and 


“Objective data suggest that this agent [Cytoxan] has advantages not 
possessed standard alkylating agents now clinical 


“With the use cyclophosphamide [Cytoxan] there relative lack 
thrombocytopenia and diminution gastrointestinal side- 
effects, that may offer therapeutic advantages over other alkyl- 
ating 


Other Advantages Clinical Practice: Broad-spectrum application. 
High therapeutic index. vesicant activity—may given orally 
parenterally. 


(1) Matthias, Q.; Misiewicz, J., and Scott, B.: Brit. 2:1837-1840 (Dec. 24) 1960. 
(2) Coggins, Ravdin, R.G., and Cancer (Nov.-Dec.) 1960. 


(3) Papac, R.; Petrakis, L.; Amini, F., and Wood, A.: J.A.M.A. 172:1387-1391 
(March 26) 1960. 


DOSAGE: For neoplasms relatively susceptible Cytoxan 
Patients with lymphomas and other neoplasms believed 
relatively susceptible Cytoxan therapy are given 
initial dose 2-3 mg./Kg./day intravenously. White 
blood counts and platelet determinations should made 
daily twice weekly and the dosage adjusted accord- 
ingly. Intravenous infusions should continued for 
least days unless otherwise indicated. leukopenia 
between 1500 and 5000 cells per cu. mm. (or lower) may 
expected between the tenth and fourteenth day. 
the presence leukopenia less than 2000/cu. mm. 
Cytoxan should discontinued until the white cell count 
returns 2000 (usually within week). Dosage 
subsequently adjusted indicated the objec- 
tive response and the leukocyte count. the patient 
subjectively improved, the size the tumor has de- 
creased, the white cells are satisfactorily maintained 
between 2000 and 5000/cu. oral dosage may insti- 
tuted intravenous dosage. 

Thrombocytopenia rarely observed this regimen. 
platelet counts less than 100,000/cu. mm. are ob- 
served, the patient should watched carefully. plate- 
lets continue decrease, Cytoxan should discontinued. 

The patient who has had previous treatment with al- 
kylating agents, x-ray, debilitated may more 
susceptible bone marrow depression, and initial Cytoxan 
doses should more conservative than the above. Such 
patients should have more frequent hematologic evalua- 
tion. Good medical practice demands access reliable 
hematologic laboratory when using Cytoxan. 


For neoplasms relatively resistant Cytoxan— Patients 
with carcinomas and other malignant neoplasms believed 
less susceptible Cytoxan therapy are given 
dose mg./Kg./day intravenously. Unless there 
are indications the contrary, this dose continued for 
days, then stopped. Leukopenia usually ensues the 
tenth fourteenth day after the first dose Cytoxan. 
Thrombocyte reduction not common, and platelets may 
actually increase. The leukocyte count promptly returns 
toward normal levels most cases, and begins 
increase, sufficient Cytoxan administered maintain 
near 2000 5000/cu. mm. This may accomplished 
two intravenous injections weekly, oral admin- 
istration, combination both routes. oral 
dosage 200 mg. daily intravenous injection 
mg./Kg. twice weckly will usually suffice. 

The platelet and leukocyte counts should followed 
carefully, and the prior treatment history patients 
carefully evaluated delineated above. 


Leukopenia guide adequacy dosage—The best 
objective measure for dosage seems the number 
circulating white blood cells. This used index 
the activity the hematopoietic system, especially the 
bone marrow. The mechanism which Cytoxan causes 
reduction the level white blood cells not known, 
but cessation dosage results increase the level, 
indicating that the hematopoietic system had not been 
permanently affected. When large doses mg./Kg./day 
for days) are given initially, the white cell count falls 
rapidly. Following the cessation the 6-day course, the 
white cells may continue decline for long days 
and then increase. The reduction the white cell count 
during Cytoxan therapy and its subsequent increase when 
therapy discontinued can repeated the same pa- 
tient. Maximal reduction leukocyte count indicates the 
maximal permissible Cytoxan level for therapeutic effect. 
Leukopenic patients must watched carefully for evi- 
dence infection. 

Total white blood cell and thrombocyte counts should 
obtained more times weekly order evaluate 
therapy and adjust dosage. 


SIDE EFFECTS: Although Cytoxan related nitrogen 
mustard, has vesicant effect tissue. does not 
traumatize the vein when injected intravenously, nor does 
cause tissue reaction following extravasa- 
tion. may administered intravenously, intramuscu- 
larly, intraperitoneally, intrapleurally directly into the 


tumor, when indicated. apparently active each 
these routes. 

Nausea and vomiting are common and depend dose 
and individual susceptibility. However, many investi- 
gators accept the nausea and vomiting favor main- 
taining maximal therapy. The vomiting can controlled 
with antiemetic agents. 

Alopecia frequent side reaction Cytoxan therapy. 
has been observed 28% the patients studied 
this country. The incidence greater with larger doses. 
The loss hair may first noted about the day 
therapy and may proceed alopecia totalis. This effect 
reversed following discontinuance Cytoxan; during 
reduced maintenance therapy, hair may reappear. 
essential advise the patient advance concerning this 
effect the drug. 

Dizziness short duration and minor degree has 
occasionally been reported. 

Leukopenia expected effect and can used 
guide therapy. Thrombocytopenia may occur, especi- 
ally after large doses. The leukocyte platelet counts 
occasional patient may fall precipitously after even 
small doses Cytoxan, with all alkylating agents. The 
drug should discontinued such patients and reinsti- 
tuted later lower dosage after satisfactory hematologic 
recovery has occurred. Prior treatment with x-ray with 
other chemotherapeutic agents frequently causes 
earlier exaggerated leukopenia thrombocytopenia 
after Cytoxan medication. Only rarely has there been 
report erythrocyte hemoglobin reduction. 


ADMINISTRATION: Add cc. sterile water (Water for 
Injection, U.S.P.) 100 mg. Cytoxan the sterile vial 
(add cc. 200 mg. vial). Shake, allow stand until 
clear, remove with sterile syringe and needle and inject. 

The freshly prepared solution Cytoxan may ad- 
ministered intravenously, intramuscularly, intraperitone- 
ally, intrapleurally, directly into the tumor. The 
solution should administered promptly after being 
made but satisfactory for use for three hours after 
preparation. 

the patient receiving parenteral infusion, the 
Cytoxan solution may injected into the rubber tubing 
the solution glucose saline. 

thrombosis thrombophlebitis has been reported 
from injections Cytoxan. Extravasation the drug 
into the subcutaneous tissues does not result local 
reactions. 


PRECAUTIONS: Cytoxan should not given any 
person with severe leukopenia, thrombocytopenia, 
bone marrow infiltrated with malignant cells. may 
given with suitable precautions patients who have had 
recent X-ray treatment, recent treatment with cytotoxic 
agent, surgical procedure within 2-3 weeks, debili- 
tated patients. 

AVAILABILITY: Cytoxan available follows: 

Cytoxan for Injection, 100 mg., sterile dry-filled vial 
containing 100 mg. cyclophosphamide and mg. sodium 
chloride. Packaged, vials per carton. 

Cytoxan for Injection, 200 mg., sterile dry-filled vial 
containing 200 mg. cyclophosphamide and mg. sodium 
chloride. Packaged, vials per carton. 

Cytoxan Tablets for oral administration, mg., white, 
round tablets, flecked with blue for easy identification, 
Packaged, 100 tablets per bottle. 


For copy the Cytoxan brochure, other additional 
information Cytoxan, communicate directly with the 
Medical Department, Mead Johnson Laboratories, Evans- 
ville 21, Indiana. 


Mead Johnson 
Laboratories 
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when allergies sep 


Florists may develop allergies flowers, insecticides and 
pollens and molds. All types 
seasonal occasional reactions foods and drugs respond 
Dimetane. With Dimetane most patients become symp- 
tom free and stay alert, and the job, for Dimetane works 
... significantly lower the annoying side 
effects usually associated with antihistaminic therapy. 


parabromdylamine [brompheniramine] maleate 


reliably relieve the symptoms...seldom affect alertness 


Supplied: Extentabs®—12 mg. Tablets— 
mg. DIMETANE Elixir—2 mg./5 cc. 


Dosage: Extentabs: Adults—One Extentab 8-12 twice 
daily. Children over 6—one Extentab Tablets: Adults— 
One two tablets three four times daily. Children over 
one tablet Children tablet Elixir: 
Adults—2-4 teaspoonfuls t.i.d. Children over 6—2 teaspoonfuls 
t.i.d. Children 3-6—1 teaspoonful t.i.d. Children under 
3—0.5 cc. (0.2 mg.) per pound body weight per hours. 


Side Effects: usually well tolerated. Occasional 
mild drowsiness may encountered. desired, this may 


patient does not become drowsy, should cautioned against 
engaging mechanical operations which require alertness. 

Contraindications: Sensitivity antihistamines. Also Available: 
Dimetane-Ten Injectable (10 mg./cc.) Dimetane-100 Inject- 


able (100 mg./cc.) 

References: Lineback, M.: The Eye, Ear, Nose and Throat Monthly 
39:342 (April) 1960. Fuchs, and Maurer, L.: New York Med. 
59:3060 (August 15) 1959. Kreindler, al.: Antibiotic Med. and Clin. 
Therapy 6:28 (January) 1959. Schiller, and Lowell, New 
England Med. 261:478 (September 1959. Edmonds, T.: The 
Laryngoscope 69:1213 (September) 1959. Horstman, 

A.: Am. Pract. Digest Treat. 10:96 (January) 1959. 


ROBINS CO., INC., Richmond 20, Virginia 
MAKING TODAY’S MEDICINES WITH INTEGRITY 


offset small doses methamphetamine. Until known that WITH PERSISTENCE 
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back action Furoxone’ 


brand furazolidone 
stops bacterial diarrheas without eradicating the normal intestinal flora 


large teaching hospital, double-blind study with FUROXONE LIQUID chil- 
dren “demonstrated both symptomatic and bacteriological effectiveness this drug 
the outpatient management bacterial diarrhea” without eradication the normal 
intestinal flora. This “highly desirable preservation normal intestinal 
flora children—is held “in contrast experience with other ... agents used for this 
purpose.” Overgrowth nonsusceptible organisms “resulting colitis, proctitis and 
anal pruritus usually associated with bowel sterilization have not been observed” with 
FUROXONE. “Side effects were negligible and acceptability the preparation was ex- 
cellent.” [Mintz, A.: Antibiotic Med. 7:481, 1960.] Liquid pleasant 
flavored suspension containing Furoxone mg. per cc., with kaolin 

and pectin. Dosage for both children and adults may found your P.D.R. 
EATON LABORATORIES, Division The Norwich Pharmacal Company, NORWICH, 
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LINICAL 


Editorial 


The physician and The United 


Largely through lack publicity, the 
medical profession and the general 
have little knowledge the importance 
The United States Pharmacopeia 
modern medicine. Some physicians con- 
sider the book interest only pharma- 
cists. Some pharmacists believe that the 
book more importance govern- 
mental agencies such the Food and Drug 
Administration than.it them. The fact 
that the USP from its inception has been 
primarily list the therapeutically most 
effective agents the time its publica- 
tion. necessity, technical standards for 
these agents are required. Thus, because 
these standards, pharmacists, manufac- 
turers, and the government find the USP 
great value, although initially was 
primarily for the guidance physicians 
the choice drugs. 

The first edition was possible 
chiefly through the efforts Dr. Lyman 
Spalding New York when proposed 
Jan. 1817, the New York County 
Society: 


“That convention should called 
each the four grand divisions the 

United States, composed dele- 


volume 


number May-June 1961 


States Pharmacopeia 


gates from all the medical societies and 
schools. 

“That each district convention should 
form Pharmacopeia, and elect dele- 
gates meet general convention 
the city Washington, the first 
January, 1520. 

“That the general 
from the district Pharmacopeias, form 
the national work.” 


January, 1820, Dr. Spalding and ten 
other physicians met delegates the 
first United States Pharmacopeial Conven- 
tion Washington, C., the old Sen- 
ate Chamber now used the Ways and 
Means Committee. Robert 
Thom depicting this historic occasion now 
hangs the Lyman Spalding Library 
the Pharmacopeia Building New York 
City. 

The object the USP stated the 
preface the 1820 edition follows: 

“It the object Pharmacopeia 
select from among substances 
sess medicinal power, those, the utility 
which most fully established 
understood; and form from them prep- 
arations and compositions, which their 
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powers may exerted the greatest ad- 
vantage. should likewise distinguish 
those articles convenient and definite 
names, such may prevent trouble un- 
certainty the intercourse physicians 

“The value Pharmacopeia depends 
upon the fidelity with which conforms 
the best state medical knowledge 
the day. Its usefulness depends upon the 
sanction receives from the medical com- 
munity and the public; and the extent 
which governs the language 
tice those for whose use intended.” 

This multiple objective has been adhered 
each successive Committee Re- 
vision, and the same objective, quoted from 
the first edition, appears the preface 
USP VXI, published 1960. 

The first two decennial revisicns were 
entirely the hands physicians. was 
not until 1850 that pharmacists helped ac- 
tively the revision, that leading USP 
and not until 1880 was emphasis placed 
developing standards and test methods. 
The new chairman the Committee 
Revision, Charles Rice, recognized that 
definitions were meaningless without them. 
1910, the Committee Revision was 
enlarged fifty members 
seventeen physicians and thirty-three phar- 
macists “or other technical experts.” 
1940, analytic chemists were brought into 
the revision program more formal way 
and since then have assumed 
ingly important role helping establish 
standards for each drug selected. 

The USP maintained and revised quite 
independently the United States Govern- 
ment. Indeed, the Federal government 
seems have been almost oblivious the 
need for pharmacopeia and drug stand- 
ards generally until Congress passed the 
Pure Food and Drugs Act 1906. The 
latter recognized the USP “official 
compendium,” thereby giving definite sta- 
tus the drugs and the 
vided the USP. The Food and Drug 
Administration which ultimately came into 
being under the terms the Act was em- 
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powered enforce the USP standards 
authority seize any interstate 
article that failed meet those stanc 
ards set for it. This authority was 
tained and extended 1938 when the 
was brought date the form the 
Federal Food, Drug and Cosmetic Act. 
companion volume, The National 
lary, published the American 
ceutical Association Washington, C., 
lists drugs not included The United 
States Pharmacopeia but which neverthe- 
less are used. Standards are provided for 
those drugs, and these standards also are 
official under the Food, Drug, and Cos- 
metic Act. 

accordance with the plan conceived 
Dr. Spalding 1820, the Pharmaco- 
peial Convention still meets only once 
every years. Its make-up has changed 
little, and now includes representatives 
from medical colleges and societies, phar- 
macy schools and societies pharmacists, 
the pharmaceutical industry, and number 
allied scientific societies. The number 
organizations entitled appoint delegates 
the 1960 Convention Washington, 
C., was 277. important function 
the Convention the selection qualified 
experts conduct the revision program. 
These constitute the sixty man General 
Committee Revision which now includes 
twenty physicians and forty experts from 
pharmacy and related sciences. Prior the 
1960 Convention, candidates for election 
the Committee Revision were care- 
fully selected provide two nominees 
for each position. The qualifications each 
candidate were listed booklet made 
available each delegate. Nominations 
also were received from the floor. The Con- 
vention then elected the Committee 
Revision, which responsible during the 
1960-1970 decade for two major revisions 
the USP and such supplements may 
needed. new Board Trustees also 
was elected for the year period. 

The actual job, then, selecting drugs 
and establishing standards the 
the Committee Revision. 


The USP indeed fortunate having 
director Dr. Lloyd Miller, who 
well qualified for the post since 

has previously been associated with the 
and Drug Administration and also 
one the larger drug com- 
panies. responsible for publication 
each edition the USP. This means that 
must work very closely with all subcom- 
mittees and with the Board Trustees. 
must also cognizant developments 
the manufacturing field 
and the Food and Drug Administration 
program. 

cannot stressed too strongly that 
although standards are given for each drug 
the USP, not just book stand- 
ards. The most important task that 
selection those drugs established 
merit which are intended reflect the best 
teaching and practice medicine, and this 
the job the USP Subcommittee 
Scope. This committee consists twenty- 
one physicians and pharmacologists, repre- 
senting the major specialities medicine, 
aided pharmacists. 

The physicians are responsible for those 
aspects the selection process that involve 
therapeutic merit drugs, and the phar- 
macists are concerried with the pharma- 
ceutic forms the drugs well aids 
compounding. 

The selection may neither capricious 
nor arbitrary. Each physician member 
the Subcommittee Scope heads panel 
experts who advise the selection 
drugs. Information from many sources 
each individual drug and groups drugs 
having similar pharmacologic 
available the committee and panel 
The final selection drug for 
the USP therefore carries with the con- 
sidered judgment group medical 
that only the best and most ef- 
therapeutic agents are chosen. 
only. after such selection that the ana- 
and pharmaceutic chemists who serve 
other USP subcommittees can proceed 
define standards for the drugs. Thus, far 
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from being just book standards 
sometimes stated, the USP blue rib- 
bon list the most effective therapeutic 
agents available the time the selection 
made. 

The physician members the Subcom- 
mittee Scope serve also another USP 
committee, which describes the category 
which each drug and defines the 
usual dose. The fact that the USP has 
official status under the Food and Drug 
Act makes difficult for the Committee 
Revision beyond that, even though 
this often urged. 

Combinations drugs generally have 
been avoided, except the case vita- 
mins. Also, view the adverse reports 
independent investigators the relia- 
bility absorption the “delayed action” 
dosage forms, these have been omitted 
from USP XVI. 

The problem drug nomenclature con- 
cerned the physicians who drafted the 1820 
USP, and been increasing concern 
each succeeding Committee Revision 
which has had the obligation choose the 
official name for drug. present, how- 
ever, the time drug for USP 
consideration, has already been approved 
for use the Food and Drug Administra- 
tion. The drug has become familiar under 
short, easily pronounced brand name which 
cannot appropriated the USP title 
without the owner’s consent, and this 
generic, name has generally had the ap- 
proval the Council Drugs the 
American Medical Association. Generic 
names are often long and almost unpro- 
nounceable, as, for example, diethylcarbam- 
anedisulfonate. Discussions are now under 
way which may change this system the 
future that new drug names will 
shorter and easier pronounce 
remember. 

The USP organization serves many 
ways addition publishing the USP. 
One the best known these services 
make available nominal charge 
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manufacturers and others USP Reference 
Standards for use comparison standards 
the assaying and testing many the 
USP drugs. These reference standards are 
used the world over. 

view the official status accorded 
federal agencies the standards set the 
USP, there has been considerable pressure 
have USP standards set for biologic 
testing materials and for devices used 
surgical procedures. Standards are already 
made available the USP for such surgical 
items sutures and purified (absorbent) 
cotton. for consideration the new 
Subcommittee Scope are such items 
materials used connection with bone 
surgery, for instance, metallic pins and 
plates. Also considered are special 
prostheses used vascular surgery. 

The future The United States Phar- 
macopeia depends the support which 
receives from the medical profession, hos- 
pital formularly .committees, 
cists. hoped that the USP can maintain 
its independent, nonprofit, scientific status 
that may continue call upon those 
who voluntarily devote their time and 
energy selecting the best therapeutic 
agents and providing standards for them. 

Important the future the USP 
whether its role standards making will 
taken over further the Federal gov- 
ernment. Bills are now before the Congress 
extend the certification antibiotics. 
enacted, this legislation will long 
step toward certification all drugs. Under 
the form control which most antibi- 
otics are subject, the Food and Drug Ad- 
ministration not only enforces the standards 
but creates them, all the expense 
the antibiotic producers. scarcely needs 
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pointed out how great are the pres 
sures thereby developed the person: 
integrity both those charged with 
ministering the program and those who 
are virtual bondage the 
agency. 

The record simply does not justify the 
present degree antibiotic certification, 
much less its extension. Further, the pro- 
cedure violates the 
ciple placing responsibility for drug 
standards the hands those who 
spectively prescribe and dispense the drugs 
themselves, i.e., physicians and pharmacists. 
any change the present law made 
short taking the antibiotics off certifica- 
tion entirely, should convert the 
system that which prevails for the in- 
sulins. These are all subject presale 
certification the Food and Drug Admin- 
istration, which empowered establish 
standards only when the USP (or the 
National Formulary) has not yet done so, 
and case may the standards differ 
from those set either the two 
compendia. This system, which 
ated most effectively since 1940, should 
have been adopted for the antibiotics 
when, all agreed the time, wartime 
conditions called for some sort federal 
control over their potency and quality. 

The USP listing will continue 
mark merit for every drug recognized. 
Under way the present time are plans 
speed the process evaluation new 
drugs the USP list will kept con- 
stantly date. The aim recognize 
reject the new drugs with such prompt- 
ness that physicians will able practice 
the best possible medicine with only USP 
drugs. 


Arthur DeGraff, M.D. 


« 


Addiction liability isoquinoline analgesic, 


1,2,3,4-tetrahydroisoquinoline 


The addictiveness new synthetic isoquinoline analgesic (I-K-1) has been compared with 


that morphine, codeine, and former opiate addicts. Single oral doses 


600 and 1,200 mg. I-K-1 (ten seventeen times the recommended analgesic dose) 


did not induce subjective objective patterns morphinelike effects. Intramuscularly 


and intravenously, I-K-1 was identified opiate, but was not possible give repeated 


doses the drug these routes because its. water insolubility and tissue irritant 


properties. When I-K-1 was substituted for patients addicted morphine, 


partially prevented development withdrawal symptoms, but was only 


one-seventh potent codeine this respect. 


direct addiction test that lasted days, using maximally tolerated doses (750 1,500 
mg. orally daily), I-K-1 was disliked former addicts and when was discontinued 
abruptly withdrawal signs were insignificant. concluded that I-K-1 has substantially 


less addiction liability than morphine and codeine and even less addictiveness than 


Fraser, M.D., Martin, M.D., Wolbach, M.D., and Isbell, M.D. 


Lexington, Ky. 


National Institute Mental Health, Addiction Research Center, 


Public Health Service Hospital 


isoquinoline derivative, 1-(p-chloro- 
phenethy] 
tetrahydroisoquinoline (Fig. 1), 
represents new class synthetic anal- 
gesics. Brossi and associates* reported that 
the mouse, rat, and rabbit I-K-1 had 
analgesic potency comparable that 
codeine and, these species, its over-all 


Received for publication Feb. 19, 1961. 


free base identified 4-1778/1, the 
crystalline hydrochloride 4-1778. 


pattern effects was similar that 
morphine. the cat, induced less excita- 
tion than morphine. Deneau and Seevers* 
found that the ability I-K-1 suppress 
signs abstinence from morphine ad- 
dicted monkeys was very low. 

Keats and evaluated the anal- 
gesic potency I-K-1 postoperative 


Deneau and Seevers: Personal com- 
munication. 


Keats, and Telford: Personal communication. 
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CH30 


Fig. Structural formula 
isoquinoline. 


patients, using doses 15, 30, 50, and 
mg. per Kg. intramuscularly and 
compared these effects with mg. mor- 
phine per Kg. addition, and 
mg. per Kg. intramuscularly 
was compared directly with mg. co- 
deine sulfate experiment with 
postoperative patients. From these experi- 
ments, Keats and Telford. concluded that 
twice potent codeine analgesic. 
They also gave preoperative patients 
mg. I-K-1 per Kg. intramuscularly 
determine its subjective These 
effects, like those after placebo, were not 
morphinelike and were significant only 
that one-half the patients complained 
burning and soreness the injection site. 

Sadove, Ali, and compared 
analgesia after and mg. doses 
I-K-1, mg. codeine, and placebo, all 
given orally double blind fashion 
service. another study Sadove, Schriffrin, 
and using male surgical orthope- 
dic patients, compared fifty oral doses 
each the following agents: and mg. 
mg. codeine sulfate, and mg. 
I-K-1, and placebo. These authors con- 
cluded that mg. p-propoxyphene, 
mg. codeine, and mg. I-K-1 caused 
equal analgesic effects. addition, the lat- 
ter authors treated patients who had 
chronic pain and who could not tolerate 
codeine, with mg. oral doses I-K-1 
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(two six times daily) for weeks 
months with beneficial effects. 

compared oral doses mg. 
propoxyphene, and 600 mg. 
cylic acid with placebos 53, 53, 39, and 
patients, respectively, for relief post- 
partum pain. these trials, I-K-1 and 
propoxyphene were not better than 
placebo, but codeine and aspirin were 
more effective than placebos. 

administered I-K-1 patients 
thiopental and nitrous oxide anesthesia. 
was effective meperidine for this pur- 
pose, and adverse respiratory effects were 
definitely less than those after comparable 
analgesic doses alphaprodine 
ably less than those after meperidine. 

Studies the Addiction Research Center 
indicate that has less 
bility than codeine 
Therefore, view the possible favor- 
able dissociation addictiveness and anal- 
gesia, studies the addiction liability 
I-K-1 relative those codeine, 
poxyphene, and morphine will presented 
detail. 


Methods 


The subjects utilized 
were physically healthy adult Negro 
white men between the ages and 
who volunteered for the experiments while 
serving sentences for violation federal 
narcotic laws. All were former opiate ad- 
dicts with character personality disorders. 

I-K-1, codeine phosphate, 
phene hydrochloride, and starch placebo 
were administered orally identically ap- 
pearing capsules, except one experiment 
hydrochloride (pH was given. For in- 
intravenous injection. 
sterile aqueous solutions morphine sul- 
fate, codeine phosphate, 
phene hydrochloride were prepared, but 


Lasagna: Personal communication. 


Foldes: Personal communication. 


Volume 
Number 


was necessary add 0.1N hydrochloride 
and maintain solution. 

Except when specified, each patient was 
used his own control crossover ex- 
periments which were either double blind 
(both subjects and observers were un- 
aware the nature and amount medica- 
tion) single blind (subjects only did 
not know the nature and schedule). 

Statistical comparisons between drugs, 
when the design permitted, were made 
the paired and relative potencies 
were determined using the method de- 
scribed the method Houde 
and Wallenstein.* For convenience pres- 
entation, the specific details methods 
and results will described for each ex- 
periment. 


Effects 


Experiment Comparative effects 


single oral doses 


and placebo. 

Methods. these studies nontolerant 
former opiate addicts, I-K-1 was compared 
with other drugs and placebo employ- 
ing the single dose opiate 
which give ratings patients (subjective 
and observers (objective). Questionnaires 
after medication. The observers also meas- 
ured pupillary diameter the same in- 
Statistical comparisons between 
drugs were based total response scores 
and were obtained for each param- 
eter adding the scores responses 
recorded the six intervals and evaluating 
these totals the paired 

Results. Preliminary experiments with 
several subjects indicated that doses less 
than 600 mg. (total) I-K-1 induced 
significant effects. crossover single blind 
study was then set using nontoler- 
ant former morphine addicts. 
ceived randomized order I-K-1 (600 and 
1,000 mg.), p-propoxyphene (300 and 600 
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mg.), and placebo weekly intervals. 
Even though the doses I-K-1 were high, 
patients had difficulty distinguishing 
from placebo, whereas they readily iden- 
tified 300 and 600 mg. 
active drugs with many opiatelike char- 
acteristics. the parameters measured— 
“feel drugs,” identification “dope,” opiate 
symptoms, and degree 
was only significantly different from 
placebo for one parameter, the opiate 
symptoms score the 1,000 mg. dose. 
the other hand, p-propoxyphene was sig- 
nificantly different <0.05) from 
placebo all parameters 600 mg. dose 
and different from placebo, except for 
the measure identification “dope,” the 
300 mg. dose. Furthermore, 
propoxyphene constricted the pupils pro- 
portion the dose, neither dose I-K-1 
caused constriction the pupils. 

The experiment mentioned above was 
carried out with the base. Brossi 
and associates* used the hydrochloride 
studying the drug animals. Since the 
hydrochloride might absorbed more 
rapidly, another experiment was performed 
with solution I-K-1 hydrochloride 
orally. single dose this solution 
containing 300 mg. was given 
subjects and dose 600 mg. other 
nontolerant subjects; observations were 
carried out described above, except that 
the study was single blind. None the 
subjects identified either dose “dope.” 
Furthermore, the scores opiate symp- 
toms and “liking” were very low. Slight 
miosis followed the 600 mg. dose. The aver- 
age maximum pupillary constriction 
these subjects was 0.9 mm. contrast, 
subjects who received 600 mg. 
propoxyphene showed average maxi- 
mum pupillary constriction 2.2 mm. 

Experiment Effects single doses 
intramuscularly. 

Methods. This was evaluated twenty- 
eight tests (single blind) subjects, 
utilizing dose range 400 mg. and 
single dose opiate questionnaires and ob- 
servations outlined experiment 
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Results. Subjective effects were first ob- 
tained with dose 125 mg. With dose 
400 mg., patients identified I-K-1 
“dope” and the pupils were constricted 
moderately. With all the higher doses (200 
400 mg.), patients complained pain 
the injection sites and consistently de- 
veloped inflamed areas 
which subsided slowly but progressively 
over several days. 

Experiment Comparative effects 
single intravenous doses 
poxyphene, codeine, and placebo non- 
tolerant subjects. 

study, using the methods experiment 
nontolerant subjects each received in- 
travenously weekly intervals, 
domized order, I-K-1 (60 and 120 mg.), 
(120 mg.), codeine phos- 
phate (60 and 120 mg.), and saline pla- 
cebo. 

Results. corresponding dosages, I-K-1, 
codeine, and p-propoxyphene induced mor- 
phinelike effects comparable magnitude 
demonstrated the ratings the pa- 
tients and those observers. Furthermore, 
corresponding doses induced comparable 
pupillary constriction the case all 
drugs except the placebo. The relative po- 
tencies codeine and I-K-1 follow: (1) 
using the total response scores opiate 
symptoms, mg. codeine equals 1.05 mg. 
I-K-1 with per cent confidence limits 
0.97 1.14 and (2) using the de- 
creases pupillary diameter, mg. co- 
deine equals 0.83 (0.67 1.03) mg. 
I-K-1.? 

Experiment Comparative effects 
single intravenous doses 
poxyphene, and morphine partially 
erant subjects. 

Methods. patients who had been 
addicted 240 mg. morphine sulfate 
daily for 310 315 days, the morphine 
was withdrawn and methadone 
stituted. The dosage the latter was grad- 
ually reduced over period days. 
During the next days, none the 
patients received any medication. this 
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time they were good physical condition 
but were still manifesting varying degrees 
lethargy, anorexia, and insomnia, and 
all were repeatedly requesting “pickup” 
potent opiate). (Under usual circum- 
stances, unstable physiologic 
chologic state persists for approximately 
months after withdrawal opiates, and 
under these conditions such patients are 
more likely seek opiatelike drugs. There- 
fore, evaluation drugs such patients 
was thought interest.) this time, 
using single blind, randomized, crossover 
design, each subject received weekly in- 
tervals single intravenous dose 
(180 mg.), (180 mg.), and 
morphine sulfate (25 Observations 
were carried out outlined the preced- 
ing experiments. 

Results. The parameters tabulated—iden- 
tification “dope,” opiate symptoms score, 
“liking” score, and decrease 
parent that when 
nously, has morphinelike characteristics 
limited degree, but this study, when 
partially tolerant subjects were used, these 
effects were less than those 
phene except for pupillary constriction and 
distinctly less than those morphine. 


Suppression abstinence reaction 


Experiment Suppression abstinence 
reaction from morphine with I-K-1 orally. 

Methods. This was evaluated single 
blind test using subjects stabilized 
280 mg. morphine daily, and the results 
obtained were compared with those ob- 
served when placebo was substituted for 
hours the same Observa- 
tions were made hourly intervals from 
the eleventh through the twenty-fourth 
Four these subjects received 
four doses I-K-1 (300 mg. each) 10, 
16, and hours after the last dose 
morphine, while subjects were given five 
300 mg. doses during the hours when 
I-K-1 was substituted. 

Results. For all patients, the mean to- 
tal area scores and standard deviations 
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OPIATE SYMPTOMS 


WEIGHTED SCORE 


CHANGE SIZE M.M. 


HOURS AFTER LV. INJECTION 


Fig. Average effects morphine (25 mg.), p-propoxyphene (180 mg.), and I-K-1 (180 
mg.) administered intravenously partially tolerant opiate addicts. 


(summation hourly points the time- 
action curves for the first hours plus 
one-half the hourly points for the eleventh 
hour) were 126.2 17.3 when was 
substituted and 163.9 18.9 when pla- 
cebo was substituted, difference which 
significant the paired test. Hence, 
orally administered I-K-1 
presses the reaction abstinence from 
morphine. 

Experiment Suppression abstinence 
reaction from morphine with intramuscular 

Methods. Using subjects stabilized 
240 mg. morphine daily, three levels 
(300, 600, and 1,200 mg.) and two 
levels codeine phosphate (100 and 200 
mg.) were compared randomized se- 
quence double blind crossover basis 


during hour substitutions, and observa- 
tions were made experiment 

Results. I-K-1 partially but significantly 
suppressed symptoms abstinence from 
morphine the paired test (Fig. 3). 
However, was only one-seventh ef- 
fective codeine this respect, since 
mg. codeine was found equiv- 
alent 6.9 (1.17 11.53) mg. I-K-1 
(statistical procedure Houde 
Marked areas inflamma- 
tion and induration surrounded the sites 
injection I-K-1, and with the higher 
doses (600 and 1,200 mg. daily), the in- 
flammation was severe that treatment 
with wet packs and electric pads was re- 
quired for about week. 
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HOUR SUBSTITUTION 


Fig. Results hour substitution tests suppress the abstinence reaction morphine. 
The same subjects were compared for intensity abstinence reaction (hourly point 
when the following agents, administered intramuscularly, were substituted for 240 mg. 
morphine daily: saline, I-K-1 (300, 600, and 1,200 mg.), codeine (100 and 200 mg.), and 
morphine (180 mg.). Then dosage was resumed rate 240 mg. morphine daily. Each 
point represents the average intensity abstinence reaction observed for subjects. (TAS) 
Scores refer the total area under the curve and standard error the mean for eleven obser- 


vations. 


Experiment Suppression abstinence 
reaction from morphine with intravenous 

Methods. Using subjects dependent 
240 mg. morphine sulfate daily, two 
daily levels I-K-1 (180 and 360 mg.) 
were compared with two similar dosages 
codeine phosphate and 
and with and mg. morphine sulfate 
and placebo. Drugs were administered 


blind basis during hour substitutions 
and observations made experiment 
5.6 9 

Results. Three patients received 360 mg. 
I-K-1 daily and patients 180 mg. daily. 
this time, the study was terminated be- 
cause pain and inflammation and partial 
occlusion the veins the site injec- 
tion. Because the small number sub- 
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jects, only qualitative interpretation 
the data possible, namely, that absti- 
nence reaction was partially suppressed 
intravenous 

Six patients received both doses 
codeine intravenously during the substi- 
tution, and the abstinence reaction was par- 
tially suppressed. However, was neces- 
sary terminate the experiment because 
patient had mild and another severe 
vascular collapse while codeine was being 
substituted rate 360 mg. (divided 
among three equal doses) for 240 mg. 
morphine daily. The mild reaction came 
after the first dose codeine and the se- 
vere one after mg. the third 120 mg. 
dose had been injected. the latter case, 
the patient requested the injection 
stopped. There was extensive erythema 
the skin, followed weakness 
cessive sweating. was not possible 
record the blood pressure for about 
minutes, headache developed 
which lasted for hours, and edema 
the skin persisted for hours. 

All patients received 360 mg. (divided 
among three equal doses) 
phene intravenously, but only were given 
the 180 mg. dose since patient insisted 
that not given any more, complain- 
ing “it was like LSD [lysergic acid dieth- 
ylamide], the people the painting the 
wall became alive, was very nervous, and 
couldn’t sleep for several nights.” 
poxyphene partially suppressed abstinence 
reaction from morphine compared 
placebo, however was not possible 
augment the degree suppression in- 
creasing the dose 
fact, the mean total abstinence scores (area 
under the time-action curve and the stand- 
ard error) for the eleven observations were 
the same for the two dose levels (132.7 
6.46 for the 180 mg. dose and 131.4 8.43 
for the 360 mg. dose). For comparative 
purposes, when placebo was substituted 
fot morphine the same patients, the total 
mean abstinence score was 179.5 12.65; 
when morphine was continued (positive 
control), this score was only 42.85 7.43. 
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Addiction 


Experiment Direct addiction oral 

Methods. This was conducted 
double blind basis subjects. The addic- 
tiveness I-K-1 was compared that 
placebo, the agents being administered 
identically appearing capsules. Each 
patient was observed for days while 
receiving placebos, and then was 
given increasing dosages for days, 
after which was discontinued 
double blind basis for days. Then, medi- 
cation was resumed for additional 
days, medication was again discontinued 
abruptly substituting identically appear- 
ing placebo capsules, and patients were 
observed for symptoms abstinence for 
days. The precautions taken and ob- 
servations made all parts the experi- 
ment were those described Kolb and 
addition, during the entire study 
chronic dosage patients’ 
and observers’ ratings) were completed 
daily The effects I-K-1 re- 
spiratory rate and blood pressure this 
study were compared with those co- 
experiments using different subjects. 
addition, the results obtained 
lating the chronic dosage opiate question- 
naires, independently completed 
tients and aides while I-K-1 was being ad- 
ministered this test, were compared with 
those obtained for codeine and placebo 
administered increasing dosage 
schedule another, similar 
Complete blood counts and urinalyses were 
made every weeks. 

Results. None the patients liked the 
effects I-K-1; they complained nausea, 
gas the stomach, nervousness, headache, 
loss appetite, and sluggishness sleep- 
iness. None identified the drug resem- 
bling any which they had previously re- 
ceived. One patient, however, quite con- 
sistently stated that the medication was 
about the effects the drug and said 
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would not take were not test. 
all subjects, after days medica- 
tion I-K-1 was discontinued for days 
double blind basis. During this interval 
significant signs abstinence reaction 
developed; however, the patients 
reported subjectively that they were having 
mild withdrawal symptoms. When medica- 
tion was resumed after hours ab- 
stinence, all patients began complain 
toxic effects noted above during the 
first days medication and quit the 
test after days because disturbing 
gastrointestinal effects. Only the re- 
maining patients continued taking the 
drug the planned daily dose level 
1,500 mg. patients was necessary 
reduce the dosage per cent the 
maximum attained and patient 
per cent, 750 mg. daily, because 
was tremulous, nervous, nauseated, and 
losing weight. was the latter patient who 


ANY DRUG EFFECT 


100 
za 
oO 
100 


IDENTIFIED "DOPE"OR "OPIATE" 


and 


quite frequently identified I-K-1 “dope’ 
(opiate). When the physician charge 
reduced the dosage, every patient was re. 
lieved. Toxic symptoms 
sively after the dosage was reduced. 
time did any patient ask have the 
dose I-K-1 increased, whereas prac- 
tically every instance when former addicts 
chronically receive drug with opiatelike 
effects, they repeatedly request that the 
dosage augmented. 

comparison I-K-1 chronically ad- 
ministered this experiment with codeine 
and placebo given double blind ba- 
similar experiment shown Fig. The 
small proportion responses 
cated I-K-1 was “dope” noteworthy; none 
reported they would like take I-K-] 
daily. the contrary, per cent stated 
they felt badly they would stop taking 
the drug they were not test (Fig. 


IDENTIFIED NON-OPIATE 


| 
| 


“FEELS BADLY" 
WOULD STOP DRUG 


PLACEBO 
CODEINE 


REPLY 


PLACEBO 


CODEINE 


PLACEBO 


Fig. Oral direct addiction test Results are summarized the chronic dosage 
opiate questionnaires independently completed patients (P) and aides (A). These compare 
responses obtained the case addiction I-K-1 for days with those obtained for co- 
deine and placebo. The latter agents were administered for days randomized 
fashion another experiment. 


= 
" 
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umber 
the other hand, codeine provoked 
such undesirable effects even though 
‘he dosage attained was slightly higher 
than that I-K-1 (Fig. Table 

Fig. shows the average intensity 

| \ ~ 

only eight points for the sub- 
cant score. fact, the average daily point 
score for these patients during the days 

withdrawal was only two points more 

than the average daily point score observed 


during the last days while receiving 
The aides reported that they thought 
patient exhibited abstinence reactions 
twice (two positive compared with 
thirty-eight negative reports). However, 
the patients subjectively experienced mild 
abstinence reactions, since all reported 
positively one more times (thirteen posi- 
tive and twenty-seven negative reports). 
The degree abstinence reaction follow- 
ing withdrawal orally administered I-K-1 
less than that observed after withdrawal 
and great deal less 
than that observed after withdrawal co- 
deine 

The effects I-K-1 (shown Table 
respiratory rate and systolic blood pres- 
sure are compared with those 
poxyphene and codeine, all drugs having 
been orally administered different direct 
addiction tests using different subjects. 
Codeine significantly depressed 
spiratory rate and blood pressure all 
patients, and significantly 
depressed respiratory rate patients 
and increased blood pressure all pa- 
I-K-1, the other hand, depressed 
respiratory rate significantly only pa- 
tient and blood pressure 

Complete blood counts 
iken intervals weeks, showed 
ignificant abnormalities during chronic ad- 
ninistration 


DAY ABSTINENCE 


Fig. Abrupt withdrawal drugs. The average 
intensity abstinence reaction after abrupt with- 
drawal orally administered compared 
with that observed for codeine 
phene. The average maximum daily stabilization 
doses for these drugs were 1,094 mg. I-K-1, 1,375 
mg. codeine, and 780 mg. 


Experiment Relative addictiveness 
I-K-1, codeine, and mor- 
phine determined “short” direct ad- 
diction test days using injected drugs. 

Methods. single blind study, sub- 
jects received drugs intravenously and 
intramuscularly. “sample” high dose 
each drug was given day intervals 
follows: 180 mg. I-K-1 
phene was followed either codeine (120 
mg.) morphine (30 mg.). Each patient 
rated each these drugs the single 
dose opiate After each sub- 
ject had received all four single doses, 
was asked review his response the 
questionnaire for each sample drug and 
rate each preference scale rang- 
ing from was explained each 
subject that would subsequently receive 
all sample drugs which elected take, 
randomized order increasing doses for 
days; each would withdrawn for 
days, then the next drug would given 
for days. After evaluating the effects 
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Table Comparison the effects I-K-1, and codeine 
respiratory rate and blood pressure 


Stabili- 


zation 
dose 
Days Days mg. 
drug tient Drug day) Preaddiction Addiction Preaddiction Addiction 


18.36 106.14 114.14 


Average 


1125 15.2 0.24 114.2 119.4 0.66° 
Average 1,219 15.28 14.45 113.55 114.37 


Average 1,375 16.25 107.07 101.88 


significant difference compared with preaddiction 0.01. 


significant difference compared with preaddiction 0.05. 


Table Seven day direct addiction test the single doses, subjects could elect not 


[-K-1, codeine, and take any the four sample drugs dur- 

morphine given intramuscularly and ing the subsequent day phase. Once 

intravenously subject had started any medication, 

could discontinue any time without pen- 

Days each drug alty and then after day interval could 

continue with the next drug. When each 


ing his responses the chronic dosage 


muscular ceived the same reward whether elected 


taking them before the days were up. 
The dosage I-K-1 and p-propoxyphene 

for the first and second days was 360 mg. 
*Patient elected stop taking drug. administered three equal doses, and 
ordered drug stopped. subsequent daily dosages (divided among 
four equal through the seventh day 
quit test. were 480, 600, 600, 720, and 720 mg. For 


7.0 7.0 7.0 


Average 5.3 6.2 


tPatient elected not start drug. 


the dosages were 60, 60, 80, 100, 
120, and 120 for codeine 240, 
210, 320, 400, 400, 480, and 480 mg. daily 
the day period. All drugs given 
intravenously during both phases the 
experiment were administered slowly over 
2-minute period. Nalorphine mg.) 
placebo, randomized double blind 
basis, was injected hours after 
the last dose each drug the sixth 
seventh day the Intensity ab- 
stinence reaction after withdrawal drugs 
was measured for successive 

Results. All patients completed the first 
phase the experiment, and their over- 
all preference ratings among drugs was 
follows: first choice—morphine 
jects and p-propoxyphene second 
and I-K-1 third choice—I-K-1 
jects and Table complained that 
the single injection codeine provoked 
such undesirable symptoms that they did 
not wish take subsequently the di- 
rect addiction test. For example, one said, 
have very severe headache; isn’t 
must ‘mother-in-law’ medi- 

the direct addiction phase was 
necessary terminate the study after giv- 
ing I-K-1 only subjects because in- 
duced severe phlebitis and venous throm- 
bosis (Table All patients complained 
that morphinelike effects were absent 
very weak and that there was pain the 
site injection. The patients who re- 
ceived I-K-1 for days had symptoms 
signs abstinence reaction when was 
discontinued. Since patient received 
for days, tests for precipitating ab- 
reactions with nalorphine were 
completed. the conclusion the 
was accorded the preference 
gave I-K-1 second choice rat- 
but this was the only drug which 
ceived intravenously; time did 
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identify I-K-1 “dope.” persistently 
stated that produced nausea and 
made him sick, and the sixth day the 
test, had marked edema both arms 
and hands below the site injection 
caused venous occlusion, medication 
was discontinued. 

All subjects took p-propoxyphene dur- 
ing the 7-day addiction phase, and even 
though the subjects identified 
propoxyphene “dope,” only them 
completed days the drug (Table 
The reasons the patients gave for discon- 
tinuing included pain 
the site injection, nausea, loss appe- 


dizziness, and nervousness. Patient 


was nervous that was afraid shave, 
saying might cut myself.” Patient took 
the drug for days intravenously, but his 
veins became progressively occluded; with 
the higher doses successive injections had 
given different veins, and much 
minutes was spent locating suitable 
vein. the other hand, when this patient 
subsequently received codeine and mor- 
phine for days, both drugs could in- 
jected repeatedly into the same vein. Four 
choice rating, and classified “noth- 
ing.” Neither the nalorphine tests nor ab- 
stinence scores showed evidence physi- 
cal dependence. Although 
readily soluble water and could there- 
fore injected addicts, doubtful 
that would abused them either in- 
tramuscularly intravenously for three 
reasons: (1) the case oral medica- 
tion, when the dose large that ade- 
quate opiatelike effects are induced, there 
are many undesirable effects, particularly 
nervousness, which may progress psy- 
chosis; (2) injected 
rapidly high dosage, convulsion may 
precipitated (one was observed when 
attempt was made suppress the ab- 
stinence reaction from morphine with high 
doses p-propoxyphene and (3) 


potent tissue irritant. 


Fraser and Isbell: Unpublished data. 
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Codeine, when given intravenously, was 
quite unacceptable former addict pa- 
tients. Two the patients elected not 
start the days addiction, and only 
patients who started the test com- 
pleted days the drug (Table 
Those taking intravenously complained 
that all they felt was temporary pins 
and needles sensation, the patients 
who took the drug, gave rating 
“nothing,” and patient rated the lowest 
the three drugs had taken (Table 
Among the patients who were 
the drug for days, the nalorphine score 
was greater than that after placebo 
patients, and the intensity ab- 
stinence reaction was mild 
drawal. 

Morphine was definitely the drug 
choice and the most addictive drug the 
series. Six the patients gave first 
preference rating and completed the days 
medication (Table One subject (pa- 
tient Table however, stopped taking 
morphine after the first injection the 
second day because repeated vomiting. 
also decided not take any more 
the drugs scheduled for this test. the 
other subjects who completed the study, 
nalorphine scores exceeded those for saline 
cases. When morphine was with- 
drawn, all patients developed symptoms 
and signs abstinence reaction and daily 
scores exceeded ten points the second 
day withdrawal, except patient. 


Discussion 

every criterion customarily used— 
degree and quality morphinelike sub- 
jective effects, ability suppress symptoms 
abstinence from morphine, 
ity abstinence reaction after prolonged 
pound very little addictiveness. 
Its addiction liability, any, definitely 
deine, and I-K-1 is, course, far less ad- 
dictive than morphine. Even 
jected I-K-1 causes morphinelike 
animals and man, particularly when 


given intravenously, the relative insolubi 
ity and the irritating 
the highly acid solutions required 
vent precipitation make unlikely that 
addicts would repeatedly inject 
addition, during direct addiction test 
when I-K-1 was administered orally high 
dosage, unpleasant effects occurred; 
fore chronic oral misuse unlikely. 

Since has been reported that I-K-1 
effective more effective than codeine 
either orally intramuscularly, pos- 
sible that considerable dissociation be- 
tween analgesia and every aspect ad- 
dictiveness has been achieved 
However, since Lasagna* found I-K-1 in- 
effective analgesic postpartum 
pain (as did will 
necessary await the results addi- 
tional clinical investigations the effec- 
concluding that such dissociation has ac- 
tually occurred. 


Conclusion 


The addictiveness I-K-1 has been com- 
pared with the liability morphine, co- 
deine, and former opiate 
addicts. 

Single oral doses 600 and 1,200 mg. 
I-K-1 (ten seventeen times the recom- 
mended analgesic dose) did not induce 
subjective objective patterns mor- 
phinelike effects nontolerant former 
opiate addicts, but 400 mg. intramuscularly 
tolerant subjects. Single intravenous doses 
and 120 mg. I-K-1 produced effects 
ant subjects, but 180 mg. I-K-1 was less 
effective than 180 mg. 
partially tolerant opiate addicts. 

Oral, intravenous, intramuscular 
I-K-1 partially suppressed signs and symp- 
toms abstinence from morphine. 
muscularly, was only about 
seventh potent codeine this 


Lasagna: Personal communication. 


Volume 


direct addiction test days, 
ising maximally tolerated doses (750 
mg. orally daily), I-K-1 was disliked 
former addicts, and when I-K-1 was dis- 
abruptly, withdrawal signs were 
nsignificant. 

attempt was made ascertain the 
addiction liability I-K-1 injection 
using short addiction test days and 
comparing with morphine, codeine, 
concerned, was necessary terminate 
the experiment after the drug had been 
and intramuscularly because the 
marked inflammation the site injec- 
tion (it required about main- 
tain I-K-1 solution). 
methoxy-1,2,3,4-tetrahydroisoquinoline, 
concluded, has substantially less addiction 
liability than morphine and codeine and 
even less addictiveness than D-propoxy- 
phene. 


are indebted Dr. Leo Pirk Hoff- 
Roche, Inc., for generous supplies 


4-1778/1. 
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The hypotensive effect imipramine hydrochloride 


patients with cardiovascular disease 


The untoward effects imipramine hydrochloride were studied group 


patients under years age who were without demonstrable cardiovascular disease and 


compared with thos grou} patients legrees generalized 


coronary atherosclerosis. Effects the following were investigated: recumbent 


blood pressures, pulse, electrocardiograms, blood coagulation (bleeding time, clotting time, 


prothrombin time), liver function (SGOT, alkaline phosphatase, cephalin flocculation, 


thymol turbidity), and formed elements the blood (hemoglobin, white blood cells with 


differential count, platelets). 


Among the patients with cardiovascular disease, developed congestive heart failure during 


imipramine administration, while severe postural hypotension was observed 


(24.4 per developed myocardial infarction during hypotensive period. 


Moderate hypotension was present patients (14 per Few significant untoward effects 


were encountered the patients without cardiac disease. Severe postural hypotension 


was not observed; moderate degrees occurred only the patients (7.3 per cent). 


suggested that extreme caution practiced the treatment depressive states 


patients with known cardiovascular disease, especially the older age group. Imipramine 


should given small doses and discontinued postural hypotension occurs. 
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Imipramine hydrochloride newly 
that has been under investigation for the 
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1954, first and later the 
United States and This drug 
value both mild and severe depres- 
sion, especially the endogenous variety. 
depression has been claimed high 
per cent. Imipramine has also 
been used for the depressive phase 
involution 
melancholia, reactive depression, senile 
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and depressions associated with 
brain lesions, the latter three being 
ess responsive therapy. 

Serious untoward effects imipramine 
iave been rarely reported. Somatic reac- 
ions, such dizziness, weakness, shaki- 
iess, dry mouth, excessive perspiration, 
onstipation, heartburn, and_ paresthesia, 
vere seldom severe enough justify dis- 
the treatment. few in- 
stances cardiac death (coronary occlu- 
sion and congestive heart failure) older 
patients have been reported recently, but 
was difficult establish whether death was 
dental. However, hypotensive episodes and 
orthostatic hypotension elderly patients 
were not infrequently observed. Most 
the available studies have thus far been 
confined patients with various types 
depression. these, observations un- 
toward toxic effects were incidental 
the anticipated therapeutic regimen. 

The object this investigation was 
determine the possible untoward effects 
imipramine patients with various types 
cardiovascular disease, particularly 
the older age group. With this object 
mind, was given random, 
mixed group patients admitted the 
medical and psychiatric wards the Phila- 
delphia General Hospital, including elderly 
patients with cardiac disease (e.g., coro- 
nary artery disease, hypertension, valvular 
lesions, and borderline decompensation 


Methods and materials 


total patients was studied; 
were selected from the wards the Phila- 
delphia General Hospital. These included 
patients from the medical wards con- 
from various ailments, 
presented various depressive states, 
patients with various psychiatric 
from the psychiatric wards. Seven 
with coronary disease were studied 
treated office practice. acutely 
patients were used this study. Ap- 


Tofranil. 


proximately one-half the subjects were 
followed outpatient basis after dis- 
charge from the hospital. 

The patients were divided into two main 
groups: 

Group (patients with cardiovascular 
disease) consisted patients over 
years age (range 86, with 
average 69.5 years), all whom had 
some form atherosclerosis, either gen- 
eralized involvement (28 cases) arterio- 
sclerotic cardiovascular disease with coro- 
nary sclerosis (13), the outstanding 
finding. Included the patients were 
with diabetes mellitus and with hyper- 
tension. Other findings were cor pulmonale 
case), anemia (4), and pulmonary 
emphysema (5). Two patients were 
mild congestive heart failure the onset 
the study, and developed congestive 
heart failure during imipramine adminis- 
tration. addition, patients under 


Table Clinical diagnoses: Group 
Patients with cardiovascular disorders 


Patients 
Generalized 
atherosclerosis 
Arteriosclerotic 
cardiovascular 
disease out- 
Hypertensive cardio- 
vascular disease 
Rheumatic heart 
disease 
Associated diseases 
with first two 
groups 
Hypertension 
Congestive heart 
failure 
During 
Pulmonary 
emphysema 
Cor pulmonale 
Anemia 
Total 
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i 
| 


302 Muller, Goodman, and Bellet 


Table Clinical diagnoses: Group 
Patients below years age and without 
evidence cardiovascular disorders 


Diagnosis No. cases 

Various forms depressions, includ- 

ing manic-depressive states 
Schizophrenia, paranoid and mixed 
Involutional melancholia 
Pulmonary tuberculosis 
Lung abscess 
Cerebrospinal syphilis 
Mild diabetes mellitus 

Total 


years age (range 58, with 
average age 54.6 years) who manifested 
coronary artery disease cases), hyper- 
tensive cardiovascular disease (1), and 
rheumatic heart disease (1) were included 

Group which served the basis for 
comparison, included patients under 
years age (range 57, with aver- 
age age years) without demonstrable 
evidence cardiovascular disease. Table 
group. 

The following studies were performed 
days: (1) Blood pressure 
method) and pulse rate were recorded 
twice daily the recumbent and the 


Table Effect imipramine 
depressive states; group 


Improvement 
depressive state 


Marked 

depression patients complete Slight None 
Periodic depres- 

sion 
Schizoid affective 
Involutional 

melancholia 
Organic and 

Total 


and Therapeutic 


standing positions. (2) Control electrocar 
diograms with the 
leads were obtained. (3) Blood 
including erythrocyte, leukocyte, and plate 
let counts and bleeding time 
one stage prothrombin time 
were made. (4) Liver control studies 
most patients consisted cephalin floccu- 
lation tests and alkaline phosphatase and 
serum glutamic oxalic transaminase deter- 
minations. (5) group selected 
patients, electrolyte studies 
formed which included. daily chemical 
determinations urinary electrolyte excre- 
tions (sodium, potassium, radio- 
active sodium decay curves 
with depressive states, the daily behavior 
pattern was observed, and 
were interviewed one two times daily. 

Imipramine was administered doses 
200 mg. per day. Most patients, how- 
ever, received 100 mg. per day divided 
doses, usually mg. four times day. The 
duration treatment ranged from 144 
days (average days). Some the 
studies were performed daily (blood pres- 
sure, pulse, electrolytes). Others were re- 
trocardiograms, liver and blood studies). 
Studies outpatients were obtained 
weekly intervals. Hospitalized 
were observed daily determine the pres- 
tions. 


Results 


Clinical observations. 
with various depressive states (in group 
were closely observed and the effect 
imipramine the depression evaluated. 
these, had periodic depression, was 
schizoid affective, had involutional 
ancholia, and had reactive depressions. 
the latter, the reactive depressions 
were associated with chronic 
drome. Three exhibited suicidal tendencics, 
and committed actual suicidal attemp's 
during the stay the hospital. Table 


4 
| 
\ 


umber 


IV. Recumbent blood pressures 


Hypotensive effect imipramine cardiovascular disease 


Data No. change Decrease Increase 


the results treatment with 
the depressive state these 
patients. These results follow the pattern 
which has been previously reported rela- 

patients whom intermittent recordings 
were obtained throughout the study, the 
recumbent blood pressure remained essen- 
tially unaltered during treatment. 
patients, slight fall the recumbent 
blood pressure was observed (average 
mm. systolic, mm. diastolic). 
patients with hypertension, the recum- 
bent blood pressure fell for several days 
mm. diastolic) but returned finally 
pretreatment levels. Nine patients showed 
slight rise (10 mm. systolic, 
bent blood pressure. There was essentially 
sponse the recumbent position between 
groups and (Table IV). 

Significant findings were encountered when 
the standing blood pressures were recorded 
during the period imipramine adminis- 
tration and compared with the recumbent 
recordings. the patients who were 


Table Standing blood pressures 


able stand during the entire test period, 
showed decrease both the systolic 
and diastolic standing blood pressures. The 
grade this postural was 
classified slight, moderate, severe. 
classified slight postural hypotension all 
cases with decrease diastolic pressure 
between and mm. repeated 
recordings the patients manifested 
symptoms such dizziness, weakness, 
faintness. Moderate postural hypotension 
included decrease the diastolic pres- 
sure between and mm. 
associated signs and symptoms transient 
dizziness, weakness, sweating, 
ness. Severe postural hypotension was 
considered present when the diastolic 
pressure decrease was greater than mm. 
average mm. Hg) and the patient 
developed pallor, appeared moderate 
grade shock, had episodes sudden 
fainting, and complained such prolonged 
severe weakness and dizziness that imipra- 
mine had discontinued. Table 
summarizes the findings our patients. 

the total patients, showed 
evidence postural hypotension. This was 
slight patients, manifested only 
slight decrease systolic 


Drug 
No. discon- 
Data patients change Increase Slight Severe tinued 


classification, see text. 
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pressures. There were subjective symp- 
toms and change the clinical picture. 
occurred about the same number 
patients group (15 50) group 

Moderate postural hypotension was seen 
the patients. These patients 
complained dizziness, weakness, sweat- 
ing, and spontaneous faintness and showed 
persistent decrease diastolic pressure 
decrease much mm. Hg). Seven 
these patients belonged group and 
group The symptoms were not se- 
vere enough necessitate discontinuance 
imipramine, but the dose was decreased 
some the patients. Four patients who 
were maintained the initial dose actually 
became symptom-free after weeks, 
despite persistence the decrease di- 
astolic pressure, and felt dizzy for only 
minutes after standing. The initial dose 
these patients was 100 mg. imipramine 
daily, except patient group 
who received 200 mg.; became symp- 
tom-free days after the dose had been 
decreased 100 mg. The other patients 
group with moderate postural hypo- 
tension showed slight decrease dias- 
tolic pressure standing before the study 
(both patients had 
sis) without subjective symptoms. 
dizziness and faintness 
imipramine was administered. Similar ob- 
servations were made patients out 
the with moderate postural hypotension 
group 

Ten patients group (none control 
group developed such severe postural 
hypotension that imipramine had 
discontinued. The hypotension usually be- 
gan 2to days after treatment was insti- 
tuted and persisted for several days 
week after the drug was stopped. Two 
patients who had been bed rest fainted 
frequent occasions during period 
days after they were allowed out 
bed, even after imipramine was discon- 
tinued. Later they became symptom-free 
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and developed only mild symptoms 
mg. the drug per day. Five patients 
this group had signs and symptoms 
shock and showed mental aberrations 
week from the time 
was stopped, after which period they re- 
covered completely. One patient without 
any definite signs shock fainted repeat- 
edly the bathroom. Two patients with 
angina pectoris and old myocardial infarc- 
tions developed new infarctions during the 
tients got out bed against advice after 
imipramine had been stopped. 
patients, the occurrence fresh myo- 
cardial infarction should probably at- 
tributed the postural hypotension. 

preciable change pulse rate the re- 
cumbent position. One showed slight 
transient increase. patients marked 
increase pulse rate was observed; 
these developed myocardial infarction, 
third became oliguric, and had con- 
comitant increase with fever, which was 
due the basic disease. 

While standing, patients with moderate 
severe postural hypotension almost 
all instances developed increase pulse 
rate which disappeared after they had re- 
sumed the recumbent position and_ the 
blood pressure returned the control 
level. 

Electrocardiogram. Serial electrocardio- 
grams were made patients before 
and during treatment with imipramine. 
Fifty-one electrocardiograms were normal 
and remained normal, with the exception 
those patients, both whom de- 
veloped left ventricular strain pattern. 

Twenty-six electrocardiograms were ab- 
normal before the study was started. Two 
these showed slight moderate im- 
provement wave abnormalities, eight- 
een remained unchanged, and six further 
abnormalities were observed. the six, 
patient developed frequent 
atrial contractions and 
creased wave inversion for 
reason. Two electrocardiograms reveal: 
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myocardial infarctions. One these 
the pattern acute inferolateral 
infarction weeks after imipra- 
ine was started. The other patient de- 
congestive heart failure with se- 
ere postural hypotension the fifth day 
medication. Although imipramine was 
stopped the sixth day, the hypotension 
persisted. Three days later the patient got 
out bed against advice and developed 
severe chest pain. The electrocardiogram 
this time showed extensive acute 
anterolateral myocardial infarction which 
was confirmed the postmortem examina- 
tion. The sixth patient developed conges- 
tive heart failure: the electrocardiogram 
showed atrial fibrillation during the third 
week medication. The patient was 
double amputee, and there 
changes his daily habits medication 
prior the development heart failure. 

There was evidence that imipramine 
itself had direct effect altering the 
electrocardiogram. The changes that oc- 
curred the cases mentioned above could 
explained such other complicating 
sclerosis, and severe myocardial abnor- 
mality. 

Blood coagulation. Clotting time, bleed- 
ing time, and the one stage prothrombin 
time (measured seconds) were deter- 
mined prior administration and during 
the course imipramine treatment 70, 
65, and patients, respectively. signifi- 
cant changes were encountered, and there 
were clinically notable signs symp- 
toms bleeding. 

Liver function. SGOT determinations 
(34 patients), cephalin 
(34 patients), thymol turbidity 
tients), and alkaline phosphatase values 
patients) failed reveal any patho- 
changes during the course imipra- 
treatment. 

white blood cell counts, and 
tients during administration imipra- 


Other side effects. These included papu- 
lomacular eruptions during treatment 
patients), generalized urticaria with ery- 
thema, rise white and eosinophil counts 
novobiocin before the eruptions started), 
and agitation patients). Severe hypo- 
glycemic reactions were observed 
these and other patients excluded imipra- 
mine the cause the hypoglycemia. 

Four patients group with cardio- 
vascular diseases developed frank conges- 
tive heart failure during the administration 
imipramine, whom received daily 
maintenance doses digitalis. none 
these patients could satisfactory explana- 
tion for the failure found except that 
them developed severe postural hypo- 
tension before the onset the failure. 
Imipramine was discontinued and con- 
gestive heart failure 
including strict bed rest, mercurial diu- 
retics, and digitalis patients. Three 
patients recovered within hours 
with this regimen. The fourth developed 

patients with cardiovascular dis- 
eases, urinary sodium and potassium ex- 
cretions were determined hour 
samples urine during control period 
and over period weeks after 
imipramine administration. 
change the urinary electrolytes was ob- 
served patients. None these patients 
developed congestive heart failure evi- 
dence pitting edema. One patient with 
nephrosclerosis and evidence renal fail- 
ure became oliguric and showed marked 
sodium retention which was independent 
imipramine administration. The tenth 
patient developed urinary retention which 
was relieved after imipramine administra- 
tion was stopped. 

these cases, decay curves 
radioactive sodium were concomi- 
tantly performed before and during imipra- 
mine administration. The patient men- 
tioned above who developed 
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showed marked retention during 
the study. the other cases, imipramine 
had significant influence upon the 
decay curves. 


Discussion 


Recently, two types drugs have been 
used the treatment depressions: one 
type activates the reticular formation and 
thalamic projections which act together 
functional unit (the mesodiencephalic 
activating the other type blocks 
this The “activators” include am- 
phetamine, methylphenidate, 
iproniazid, etc. Imipramine hydrochloride 
belongs the “inhibitors” the mesodi- 
encephalic activating system. appears 
more specifically relieve depressions but 
little value the treatment hyper- 
active psychotic patients who require tran- 
quilization. 

Side effects. Side effects have been ob- 
served frequently, previous reports 
have indicated that they were seldom 
severe enough interfere with treatment. 
summary untoward effects which have 
occurred during the treatment 1,351 pa- 
tors,* includes the following: 
mouth (18.7 per cent), sweating (14.1 per 
cent), tremor (9.6 per cent), agitation (8.2 
per cent), and nausea (5.2 per cent). Ap- 
proximately per cent our patients 
the younger age group complained ex- 
cessive sweating during the first 
weeks treatment. was interesting 
observe that most patients complained 
perspiration the face more than other 
parts the body, was observed other 
Very few patients over 
years age experienced excessive perspi- 
ration. Dryness mouth was present 
one out patients but could only 
elicited specific questioning most 
cases. Three our patients became 
severely agitated, requiring discontinuance 
imipramine. 


*Geigy Pharmaceuticals: summary 
data, 1959 and 1960, Tofranil; personal communi- 
cation. 
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Effects imipramine the blood 
sure. Dizziness (5.2 per cent), 
and fatigue (2.2 per cent), syncope (15 
per cent), and sudden falling (1.1 per 
cent) have been mentioned many 
ports.* However, the occurrence hypo- 
tension (2.7 per cent) rates very low 
most communications. Some observers have 
stated that hypotension 
especially aged and 
These reports most instances 
have failed state whether the blood 
pressures were recorded the recumbent, 
sitting, standing positions. The recum- 
bent blood pressures change little during 
the treatment with imipramine. 

Blood pressures taken the erect posi- 
tion decreased high percentage 
patients. should emphasized that 
the patients, the decrease blood 
pressures was slight, and that there were 
subjective symptoms and change 
the clinical picture, that this mild hypo- 
tension cannot regarded significant 
side effect. Severe hypotension 
served only patients group (10 
who suffered concomitantly from 
generalized and/or coronary atherosclero- 
sis. Two these patients developed 
acute myocardial infarction, which should 
probably attributed the hypotensive 
caused imipramine. 

Acute myocardial infarctions during the 
treatment with imipramine were reported 
The exact role imipramine the 
development this complication 
cult determine. Its occurrence during 
severe hypotensive states suggests that the 
drug important precipitating factor. 
therefore the utmost importance 
practice extreme caution the treatment 
depressive states patients with known 
coronary artery disease and old myocardial 
infarctions. 

The cause hypotension resulting from 
imipramine has not been definitely 
mined. Hemodynamic studies recently re- 
ported drugs with similar hypotensive 
action have indicated that the hypotension 
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probably caused decrease the 
output resulting from venous pool- 
rather than true vasodilator ac- 

The occasional development conges- 
tive failure patients with cardiovascular 
who developed congestive heart failure 
during the treatment with imipramine and 
patients with known car- 
diac disease. Only our patients with 
congestive failure had episodes prior the 
study, and they were receiving digitalis 
the time heart failure occurred. Electrolyte 
studies were not available these subjects. 
However, patients with compensated 
heart disease whom daily electrolyte 
excretion studies were performed and 
patients whom radioactive sodium de- 
cay curves were obtained, sodium retention 
could not detected. 

previous reports,* significant 
untoward effects imipramine 
function, blood coagulation, peripheral 
blood pattern were observed our pa- 
tients. Severe agitation patients con- 
stituted the only other important side effect 
necessitating discontinuance imipramine 
which also has been reported 
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Factors affecting the absorption and biliary excretion 


erythromycin and two its derivatives humans 


The oral administration the propionyl ester erythromycin and the lauryl sulfate salt 
the ester produces higher serum concentrations than the parent antibiotic, erythromycin. 
Lee explained this his findings rats that the biliary excretion erythromycin was 


relatively high while that the two derivatives was low. extended his work humans. 


patients, with bile fistula propionyl erythromycin administered orally was followed 
relatively high serum and low bile antibiotic activity, compared The 
lauryl sulfate salt form followed pattern similar the ester. Diverting antibiotic-containing 
bile from the intestine lowered the serum antibiotic concentration during treatment with 
erythromycin. However, this procedure had little effect the two derivatives, since 


they appear the bile only minimal amount. 


The clinical findings support the animal data. 


James Hammond, M.D., and Griffith, M.D. Indianapolis, Ind. 
Lilly Laboratory for Clinical Research, Marion County General Hospital 


The discovery erythromycin‘ was fol- 
ester erythromycin which produces 
higher blood levels than the Re- 
cently, acid-stable sulfate salt 
the propionyl ester erythromycin was 
reported produce serum concentrations 
high when administered with food 
erythromycin and its two 
shown Fig. 1.° 

Erythromycin actively cleared from 
the blood the liver. Its concentration Fig. Structural formula erythromycin. 
human liver and gall bladder bile, ranging 
from times the blood level, indicates 
that active secretory process 
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cretion propionyl erythromycin and 
erythromycin lauryl sulfate was 
animals, relatively low bile con- 
were found. rats, hours 
ter intraduodenal administration, the per- 
the bile was 9.2 for erythromycin, 0.57 for 
erythromycin, and 0.07 for the 
lauryl sulfate salt. The average concentra- 
tion for propionyl erythromycin bile was 
times the serum concentration. The cor- 
responding ratio for 

Because the importance these find- 
ings elucidating the fate this antibiotic 
and its derivatives, similar studies were 
carried out man. Additional investiga- 
tions were included rule out the possible 
influence the presence absence bile 
salts the intestine the results. 


Methods 


Subjects with bile fistula. 
tients with surgical biliary fistulas after 
choledochostomy were included this 
study. single 500 mg. dose either 
erythromycin propionyl erythromycin 
was administered during fasting each 
the patients crossover study. Bile 
from the fistula was for antibiotic 
assay. Blood were also obtained 
intervals during bile collection. After 
interval hours, the other anti- 
biotic preparation was given and the stud- 
ies repeated. 

Three subjects were 
erythromycin sulfate well, and the 
same collections were made. 

Antibiotic levels the serum and the 
filtered bile were determined modified 
twofold serial dilution tech- 
nique with Streptococcus C203 the test 

determine the effects the bile fis- 
tula absorption the antibiotic, the 
studies were repeated patients 
group. They received Gm. iron bile 
three times daily after meals, and the 
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Fig. Average antibiotic concentrations bile 
the administration erythromycin and 
propionyl erythromycin. The vertical lines repre- 
sent one standard error. 
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Fig. Hourly antibiotic output the bile after 
erythromycin erythromycin. The 
vertical lines represent one standard error. 
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tube was clamped permit bile enter 
the intestine for hours before collection 
the specimens was begun. 

Normal subjects. Ten normal, fasting 
subjects received single 250 mg. dose 
the ester orally 
one day and similar amount an- 
other day with bile salts. The resulting 
serum concentrations were determined. 
Identical studies were carried out with 


Results 


Subjects with bile fistula. The average 
bile concentration erythromycin reached 
peak, after hours, per milliliter 
(Fig. 2), compared the peak after propi- 
per milliliter. The differences between 
these results were 
0.01). The bile volumes during the 
hour collection period were similar, aver- 
aging 170 ml. after the administration 
erythromycin and 181 ml. after 
erythromycin. 

The average output antibiotic the 
bile recovered tube drainage after 
erythromycin reached peak, hours, 
mg. per hour. The highest value after 
the administration the ester, 
0.2 mg. per hour (Fig. 3), was reached 
hours. The differences 
0.01). Following their administra- 
tion, 1.5 per cent the erythromycin dose 
and 0.22 per cent the dose 
erythromycin were secreted the bile dur- 
ing the first hours. 

the patients who received 
erythromycin the antibiotic 
concentrations the bile and serum were 
essentially the same those after propi- 
onyl erythromycin (Fig. 5). 

The average bile/serum ratio anti- 
hours was after the administration 
erythromycin and after erythro- 
mycin. 

*Tlosone. 


lauryl sulfate. 
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Fig. Average antibiotic concentration serum 
after the oral administration erythromycin and 
propionyl erythromycin 500 mg. doses. The 
vertical lines represent one standard error. 


the fistula patients, clamping the 
tube and permitting antibiotic-containing 
bile enter the intestine significantly in- 
creased the serum concentrations following 
the administration erythromycin 
0.001), probably permitting intestinal 
reabsorption (Fig. 6). The administration 
iron bile salts was associated with in- 
significant changes the same direction. 
Preventing external drainage bile the 
administration bile salts did not influ- 
ence the serum concentrations after inges- 
tion erythromycin. 

Normal subjects. The highest 
serum antibiotic concentration following 
the administration erythromycin alone 
was 0.3 per milliliter. was 0.2 
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milliliter after the administration the 
with bile salts. Corresponding 
findings the case erythro- 
mycin were per milliliter and 0.7 
‘per milliliter. Analysis variance indicated 
that the erythromycin levels with and with- 
bile salts were not significantly differ- 
ent. 


Discussion 

The previously cited animal data indicat- 
ing quantitative difference between the 
biliary secretion erythromycin and the 
propionyl ester erythromycin has been 
confirmed humans. The results with the 
lauryl sulfate salt propionyl erythro- 
mycin not differ from those with propi- 
erythromycin was secreted times 
rapidly propionyl erythromycin; rats, 
times. 

The preferential secretion erythromy- 
cin the bile appeared one explana- 
tion for the lower serum levels erythro- 
mycin observed. The fate antibiotics 
re-entering the intestine via the bile 
presumed similar that those 
ingested orally—only small proportion 
absorbed. While follows that the greater 
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Maximum serum and bile concentrations 
after the oral administration erythro- 
and two derivatives with 
The vertical lines represent one standard 
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the proportion the ingested dose 
antibiotic which excreted the bile, 
the less will remain the blood, the pro- 
portion the ingested dose which was 
secreted the bile was small with each 
the three antibiotics, and total 
amounts involved were not sufficient 
account entirely for the differences 
serum concentrations obtained. 


ERYTHROMYCIN 
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Fig. Effect diversion bile from the intes- 
tines absorption erythromycin and propionyl 
erythromycin, and average antibiotic concentra- 
tions and range serum subjects. 


Conclusions 


patients with bile fistula, the biliary 
excretion erythromycin was high, while 
onyl erythromycin lauryl sulfate was low. 
The biliary secretion appeared 
explain, least part, the higher serum 
concentrations that resulted 
onyl erythromycin propionyl erythro- 
mycin lauryl sulfate was administered. 
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Clinical pharmacology hypnotics and sedatives 


there any tendency become complacent about the adequacy knowledge 


given area, review the subject usually serves dispel this attitude. Although there 


exists formidable body knowledge the pharmacology the hypnotics and sedatives, 


that which remains unknown even more formidable. Many the experiments which 


have yielded information the pharmacodynamics and disposition these drugs 


laboratory animals not have their counterparts human studies. such instances, only 


logical guess can made effort bridge this gap. The known effects the 


barbiturates, bromides, paraldehyde, chloral hydrate, and newer hypnotics 


man are presented and attempt made compare these with findings other 


species. Where data critical nature with respect the human pharmacology 


these drugs are lacking, the fundamental features their actions other animals are 


addition the more classic aspects their pharmacodynamics, the more significant 


alterations behavior produced these agents are summarized. Studies dealing with 


their pharmacology both the normal and pathologic states and therapeutic and 


toxic dosages are outlined. Finally, the disposition these compounds the body 


considered, inasmuch this aspect their pharmacology may have important bearing 


the responses elicited them the organism. 


Shideman, M.D., Ph.D. Madison Wis. 


Department Pharmacology and Toxicology, University Wisconsin 


The Council Drugs the American 
Medical Association has designated hyp- 
notics and sedatives nonselective depres- 
sants the central nervous system. has 
also pointed out that number drugs, 
which are pharmacologically dissimilar 
‘his group agents, may result 
broadly interpreted sedation. In- 
ismuch this review has pharmacologic 
ather than psychologic orientation, only 
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those drugs which display hypnotic well 
sedative activity and which, from the 
classic standpoint, are classified will 
considered. Major attention will given 
their effects man, and, insofar pos- 
sible, these will compared 
trasted with observations similar na- 
ture other species. Whereas has not 
been the author’s purpose provide 
compendium the entire clinical litera- 
ture, hoped that this review will serve 
source most the presently docu- 
mented and well-controlled studies the 
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pharmacology the hypnotics 
tives man. 

The drugs considered this re- 
view, their doses, onsets and durations 
action, and indications for use have been 
adequately discussed Detail- 
ing their chemical and physical proper- 
ties may found any good standard 
textbook pharmacology other appro- 
priate reference source, e.g., The Merck 
Index. 


Central nervous system 


Behavioral effects. result the re- 
cent promotion and interest 
“tranquilizing” drugs, there has been 
spate papers dealing with the behavioral 
effects the hypnotics and sedatives. The 
majority such studies have concerned 
themselves with and 
many these have involved comparisons 
the latter with tranquilizers, e.g., reser- 
pine, chlorpromazine, etc. Critical evalua- 
tions variety behavioral effects have 
been made both the absence and pres- 
ence disease, and they will discussed 
that order. Inasmuch most the 
earlier studies relating such effects were 
inadequately conceived and designed 
poorly controlled, attention will focused 
the more recent endeavors this area. 

The many diverse behavioral effects 
the barbiturates which have been observed 
are agreement with the generally ac- 
cepted belief that this class drugs acts 
all segmental levels and all levels 
functional organization the central nerv- 
ous system, with the cerebral cortex per- 
haps being most sensitive their depres- 
sant Von Felsinger, Lasagna, and 
determined the effects 0.1 
Gm. orally administered pentobarbital 
sodium number complex psycho- 
logic functions group healthy male 
college students. Visual perception, atten- 
tion, arithmetic performance, recall 
were significantly impaired long 
hours after ingestion the drug. 
Associations also were found 
creased number, but these were less 
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“reality determined,” i.e., showed less rela- 
tion external stimuli, than after placebo. 
The drug tended facilitate resistance 
distraction but had effect 
learning and analogy tests. They offered 
these findings objective evidence the 
frequently described “hangover” 
non. Other have demonstrated 
the effects hypnotic dose one the 
barbiturates arithmetic performance. 
Seventy-five minutes after oral administra- 
tion 200 mg. secobarbital, ability 
add digits was impaired, were capacities 
digit-symbol and pursuit rotor tests. 
These authors have concluded that such 
effects are due not only the specific 
pharmacologic activity the drug but also 
the specific reactivity the subject and 
the interaction the two. correlation 
was observed between subjective and ob- 
jective psychologic effects given drug 
(other agents were included this study 
but drugs which produced the greater 
mean objective effect also resulted the 
greater mean subjective effect. com- 
parison the effects 100 and 200 mg. 
secobarbital, Kornetsky and 
found that minutes after the ingestion 
drug, the larger dose significantly impaired 
speed, and pursuit rotor tests, whereas the 
smaller dose did not. Other have 
shown that 300 mg. amobarbital adminis- 
tered orally three divided doses within 
hours prior testing particularly impairs 
the most elementary sensory-motor func- 
tions and negligibly alters intellectual func- 
tions. The findings Goldstein, Searle, and 
are essentially agreement 
with those Kornetsky, Humphries, and 
with respect the effects 200 
formance. The former found that 
group medical students, the barbiturate 
significantly impaired performance 
(simple and contingent reaction 
computation, repetitive coordination, hand 
steadiness, repetitive movement) but 
(tachistoscopic digit recognition) 
tests employed. These disruptive effects 
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types learned behavior are not 
those described Loomis 
who observed that 100 mg. 
-ecobarbital produced significant impair- 
driving test apparatus. similar 
tvpe test (pursuit has been ob- 
served that larger dose (250 mg.) amo- 
Goldstein, Searle, and 
have emphasized the differential effects 
secobarbital complex and simple reac- 
tion times, the former affected more than 
the latter. They also have pointed out that 
the only test they employed which was un- 
affected the barbiturate differed from 
the others that the subject had only 
recognize familiar symbols but not make 
any unusual motor responses perform 
sponses, neither was high rate response 
demanded. Similar differential actions 
man have been reported Goodnow and 
Von Felsinger, Lasagna, and 
Comparable results have been ob- 
tained studies three types 
operant behavior pigeons. 

line with other dealing 
with the effect barbiturates com- 
mac, and have been able show 
that 200 mg. secobarbital has deleteri- 
ous effect continuous performance 
test designed measure deficit 
Significant impairment 
occurred only between and minutes 
after drug administration, significant 
alterations being observed from minutes 
175 minutes following the drug. Qualita- 
tively similar effects were obtained after 
chlorpromazine. They interpret 
sults mean disturbance the drugs 
the subcortical activating system. Simi- 
lar conclusions have been reached Cal- 
who found broadening atten- 
measured the Stroop color-word 
test Witkin’s colored 
bedded figure test hour after ingestion 
265 mg. amobarbital. 
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The duration action barbiturates, 
terms behavioral effects, would ap- 
tors. Among these the nature the be- 
havior being evaluated. Whereas Mirsky, 
Primac, and found 200 mg. 
secobarbital significantly affected sustained 
attention only between and minutes 
after the drug, Von Felsinger, Lasagna, 
ment visual perception, attention, arith- 
metic performance, and recall long 
hours after administration the barbitu- 
rate. The reasons for the differences 
duration effect the two drugs at- 
tention cannot stated with assurance. 
They may related differences test- 
ing procedures, inherent differences the 
durations action, some other fac- 
tor(s). Goodnow and found 
one measure psychologic performance, 
tapping speed, significantly impaired 
long hours after oral administra- 
tion 100 mg. pentobarbital sodium. 
The data Kornetsky, Vates, and Kess- 


are essentially agreement with 


observation. From hours after the 
ingestion 200 mg. secobarbital, the 
three tests (digit-symbol substitution, sym- 
bol copying, tapping speed) was still im- 
paired. Similar findings were obtained with 
chlorpromazine (100 200 mg.) but not 
with smaller dose (100 mg.) secobar- 
bital. These data provide further objective 
evidence support the clinical impres- 
sion the hangover the morning 
after barbiturate medication and demon- 
strate similar potentiality for chlorproma- 
zine. 

the basis maze and conditioned 
reflex measures, the sedatives 
notics (barbiturates, bromides, 
hydrate) appear have consistently 
detrimental effect learning labora- 
tory man, the rate learning 
simple task not slowed significantly 
hours after oral administration 120 
mg. these same 
studies, motor coordination 
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time, measured simple motor re- 
sponse and choice visual motor response, 
respectively, were similarly unaffected. 
However, sufficiently large doses pheno- 
barbital any other hypnotic could 
expected produce effects learning 
man comparable those observed other 
animals. 

The effects various hypnotics con- 
ditioned responses laboratory animals 
have been the subject number stud- 
ies. example, the work Cook and 
might cited. They demon- 
strated nonspecific block conditioned 
response the rat barbital and 
parafynol. Pentobarbital was capable 
producing moderate degree specific 
block the conditioned response, but only 
after administration doses sufficient 
produce gross changes behavior, e.g., 
ataxia. Intravenous administration amo- 
barbital (180 360 mg.) man reduces 
the number conditioned responses (eye- 
lid during both acquisition 
tioned galvanic skin response normal in- 
dividuals, the intramuscular administration 


200 mg. amobarbital sodium hours 


prior testing had effect the un- 
conditioned response (the shock) but did 
inhibit spontaneous recovery the gal- 
vanic skin reflex. Unfortunately, there has 
been little effort approach these aspects 
the behavioral effects hypnotics (as 
well other depressants the central 
nervous system) organized manner 
and establish correlations between re- 
sponses man and other animals. 

interesting study subjective effects 
hypnotics has been reported Smith 
athletes, 100 mg. secobarbital produced 
distortion judgment. group swim- 
mers believed their performance un- 
usually good whereas fact had been 
significantly impaired. This dose also pro- 
duced intoxication, elation, and deactiva- 
tion, whereas mg. the drug resulted 
only elation and activation. Barbiturates 
appropriate dosage also appear affect 
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judgment with respect time.” After 
gestion 200 mg. secobarbital, norm: 
individuals experienced alteration 
the apparent duration auditory stim: 
This change became significant 
after the drug and was compatible with 
feeling that time seemed “flying.” 
Certain perceptual with re- 
spect vision have demonstrated 
tions following barbiturate administration. 
Within hour after ingestion amobarbi- 
tal (270 mg.), the threshold for perception 
visual stimulus red light) low- 
ered this stimulus followed flash 
white light short duration but not 
the duration the white stimulus long. 
The duration visual aftereffects also 
reduced. This drug also has been shown 
lower critical frequency doses 
approximately the same magnitude. 
Perception cutaneous tactile 
adversely affected barbiturate adminis- 
venously amounts sufficient produce 
slurred speech, nystagmus, ataxia, and 
drowsiness causes errors perception 


simultaneous stimuli, i.e., only one two 


stimuli perceived. 

has been tacit assumption that the 
depressant effects alcohol summate with 
those the barbiturates. recent study” 
has demonstrated the additive nature 
this relationship mice. That the situation 
more complex when one attempts 
evaluate the behavioral effects such 
combination man suggested the 
experiments Joyce and Al- 
though their findings lack statistical 
cance, they are interesting and suggestive. 
Complex reaction times young 
subjects were determined two different 
times after the ingestion ml. alco- 
hol, 130 mg. phenobarbital ml. 
alcohol and mg. phenobarbital, 
placebo. The tests were conducted min- 
utes after the alcohol and minutes after 
the barbiturate and again hours after 
first tests. Mean reaction time 
whether not the subjects received 
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hours after treatment, the decrease 
after alcohol both drugs than 
placebo. typing tests, subjects un- 
cer the influence phenobarbital typed 
slowly, made fewer errors, 
more errors than following placebo. 
typing with more When the 
were combined, the 
after only alcohol were increased. 
The authors were the opinion that the 
barbiturate potentiated some the effects 
alcohol. 

the many publications describing 
behavioral studies individuals with neu- 
ders, few are sufficiently well designed 
critically objective warrant considera- 
tion. Methylparafynol dose Gm. 
per day has been suppress 
eyelid conditioning and sympathetic condi- 
tioning measured the psychogalvanic 
response. Chronic administration bro- 
mide sufficient dosage 
produce blood bromide levels 0.40 
0.76 mg. per 100 ml. anxious patients 
significantly impaired reaction 
speed driving There was also 
significant reduction visual acuity 
and tendency, although not significant, 
toward decreased accuracy. 
individuals, 
hexobarbital, when given intravenously 
one-tenth the dose required produce 
anesthesia, caused slight reduction re- 
action time auditory visual stimuli. 
mentally ill patients with normal reaction 
times, the barbiturate was without effect. 
similar patients having significantly pro- 
longed control reaction times, the response 
hexobarbital appeared dependent 
the type mental disturbance. 
logical explanation for these differences 
was apparent. Impairment the 
speed schizophrenic persons has 
been reported consequence the 
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interesting note that well-designed 
comparative study Benn and 
the control disturbed behavior 
group psychotic patients, chlorproma- 
zine (150 mg. per day), phenobarbital 
(360 mg. per day), and placebo did not 
differ significantly. 

The “sedation threshold test” has been 
assessing degree tension and for vari- 
ous types experimental studies psy- 
chotic patients. However, Ackner and 
have made very careful 
evaluation this test and have been un- 
able demonstrate that the results ob- 
tained from its use are correlated with 
anxiety ratings diagnostic groupings. 
Thus appears that any studies which em- 
ploy this technique are doubtful signifi- 
cance. 

Sedative and hypnotic effects. With the 
exception the bromides, all members 
this group are rather widely used for the 
production hypnosis well sedation. 
The necessity prolonged usage obtain 
sufficient concentrations bromide ion 
the body effect sleep precludes the satis- 
arations for this purpose. Otherwise, all 
these agents resemble one another qualita- 
tively but exhibit marked quantitative dif- 
ferences. These relate particularly po- 
tency and onset and duration action. Al- 
though many comparative clinical studies 
have been conducted attempt 
establish the quantitative nature these 
differences, few can claim the essential 
scientific objectivity and design make 
the data meaningful. This applies 
ticular such comparisons dosage and 
dosage schedule measurements seda- 
tive activity. For this reason, would serve 
useful purpose cite work which 
this has been the stated objective. Al- 
though would appear that comparisons 
hypnotic activity might have greater 
significance, since more precise and ob- 
jective definition end point should 
achievable, such does not appear the 
case. one carefully controlled 
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the hypnotic effects three agents, chloral 
hydrate, pentobarbital sodium, and 
parafynol, were compared 268 patients. 
Chloral hydrate dose 1.0 Gm. pro- 
duced rapid induction sleep but was 
different than placebo producing un- 
interrupted sleep. dose 100 
pentobarbital appeared somewhat 
less effective than Gm. chloral hydrate 
inducing sleep, but doubling the dose 
resulted the satisfactory induction and 
maintenance sleep. Doses methyl- 
parafynol great Gm. were indistin- 
guishable from placebo. This study indi- 
‘ates pentobarbital somewhat less 
than times potent chloral hydrate, 
which, turn, more potent than 
hypnotic activity the latter drug with 
secobarbital hospital patients 
method sequential analysis has 
found about one-fourth effective 
the barbiturate, 100 mg. the latter 
was indistinguishable from 400 mg. the 
former. The hypnotic doses pentobar- 
bital and secobarbital are stated the 
same (0.1 and 
cates the drugs are equally effective. One 
then wonders which these comparisons 
valid. can only said that conflicting 
reports this type indicate the need for 
more careful examination the criteria 
which are employed assess the clinical 
effectiveness hypnotic agents and the 
establishment more rigid and standard- 
ized procedures for the realization quan- 
titatively meaningful data. 

Analgesia. This group drugs differs 
markedly from the analgesics that they 
fail significantly pain perception 
the absence significant alterations 
other modalities sensation. Wolff, Hardy, 
and have shown that 
turate dose not quite sufficient cause 
loss consciousness produces only slight 
(20 per cent) elevation the cutaneous 
pain threshold. Although the barbiturates 
are not analgesics the true sense, since 
they are relatively ineffective for the re- 
lief moderate severe pain when given 
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alone, Keats and were able 
demonstrate relief postoperative pain 
per cent those patients who receivec 
hypnotic dose (60 mg. per kg. 
body weight) pentobarbital sodium 
the intravenous route. This was signifi- 
cantly better than the results 
with saline (20 per cent relief) but not 
good that realized with morphine (80 
per cent relief). The authors suggested the 
results with the barbiturate might ex- 
plained depression the internuncial 
spread pain impulses and suppression 
the psychic phase pain experience. With 
respect the latter, was further sug- 
gested that there may decreased con- 
cern about pain rather than reduction 
pain perception, situation analogous 
that occurring after frontal lobotomy. 
Hill, Belleville, and 
tempted examine the psychic element 
factor the relief experimental pain. 
Subjects (former drug addicts) were sub- 
mitted test situation which they re- 
ceived shock their responses were not 
sufficiently rapid. Repeated shocking, 
duced striking disruption performance 
which became apparent marked slow- 
ing the reaction time. Administration 
200 mg. pentobarbital intramuscularly 
had effect the altered performance, 
whereas morphine (15 mg.) administered 
the same route markedly reduced the 
disrupted performance and even prevented 
the effect shock reaction time. was 
concluded that morphine, some way, re- 
lieved the anxiety associated with the an- 
ticipation pain, action not shared 
the barbiturate. This property morphine, 
they state, necessary characteristic 
potent analgesic, but the possibility that 
barbiturates may act similarly situations 
where pain less severe and anxiety 
lesser degree not excluded. 
Anticonvulsant actions. The capacity 
anesthetic doses barbiturates and certain 
other hypnotics suppress 
convulsions and the convulsions tetan 
and status epilepticus well 
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the commonly employed agents this 
group drugs, however, only phenobar- 


bital, metharbital, 
show, with bromides, the selective anticon- 
vulsant activity which has made the latter 
useful the symptomatic treatment 
epilepsy. The anticonvulsant activity, par- 
ticularly with respect electroencephalo- 
graphic effects, barbiturates has been 
studied rather extensively. The latter stud- 
ies, prior 1949, have been adequately 
summarized the review Toman and 
Inasmuch the drugs which are 
effective the treatment epilepsy need 
not have depressant effect the central 
nervous system, comes surprise that 
with the use these antiepileptic 
agents, there are associated common 
electroencephalographic changes. For 
discussion the theoretic considerations 
relating the mechanism action 
these agents antiepileptics, the reader 
referred the publications Toman 
and and Toman and 
The specific capacity phenobarbital 
depress the motor cortex has been exten- 
sively studied. Early work Keller and 
showed phenobarbital the 
only one several barbiturates studied 
capable completely suppressing excita- 
bility the motor cortex monkeys 
anesthetic doses. This activity was not 
shared chloral hydrate tribromoeth- 
anol. raises the threshold for electro- 
shock seizures normal animals well 
animals rendered more susceptible such 
convulsions hyponatremia. also abol- 
ishes the tonic extensor phase maximal 
but has only slight protec- 
tive effect against 
duced convulsions. The therapeutic index 
most these tests relatively low 
since doses only slightly greater than those 
producing significant effects the seizures 
result more generalized depression 
the central nervous system. The mecha- 
which phenobarbital reduces the 
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vents the spread seizure discharges 
unknown. Unlike 
diones, lacks the capacity abolish, 
selective manner, the three per second 
spikedome dysrhythmias characteristic 
petit mal. 

Despite the many studies barbiturates 
structurally similar phenobarbital, only 
two, metharbital and mephobarbital, ap- 
proach antiepileptic activity. Mepho- 
barbital closely resembles phenobarbital 
its effects electrically chemically in- 
duced convulsions the laboratory but 
somewhat less potent, whereas metharbital 
less effective against electroshock con- 
vulsions and more effective against pen- 
tylenetetrazol convulsions than pheno- 
Both drugs are 
produce less sedation when employed 
therapeutically effective doses than does 
phenobarbital. 

Administration bromides does not re- 
sult protection against experimentally 
produced convulsions until other manifes- 
tations depression the central nervous 
system become Similarly, max- 
imal electroshock seizures 
patients who are subjected electroshock 
therapy are modified only doses beyond 
the usual therapeutic 

Since epileptic seizures can prevented 
drugs the absence any significant 
alteration the 
attempt correlate the electroencephalo- 
graphic effects these drugs with their 
therapeutic effectiveness epilepsy. Such 
alterations the electrical activity the 
central nervous system which they have 
been observed produce will consid- 
ered the following section. 

Electroencephalographic The 
literature dealing with this aspect the 
actions the hypnotics and sedatives 
sufficiently extensive preclude detailed 
consideration this review. Surface 
well depth recordings electrical ac- 
tivity the central nervous system have 
been obtained after number drugs and 
under variety conditions. The greatest 
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amount information this nature has 
been derived from studies with the bar- 
biturates, and much this has been sum- 
marized Toman and Electro- 
encephalographic records obtained after 
hypnotic doses the various barbiturates 
are consonant with those natural sleep. 
Most studies have emphasized the occur- 
rence rapid activity preceding the ap- 
pearance normal sleep patterns. The 
rapid activity, ranging between and 
cycles per second and most pronounced 
venous pentobarbital secobarbital, 
not demonstrable all The 
observed effects are influenced by, among 
other things, the dosage and the time in- 
terval before recording. Using thiopental, 
routinely observed mental cloud- 
ing coincident with the appearance 
rapid activity. Slow activity appeared only 
with loss consciousness, which time 
the rapid activity disappeared. Persistence 
activity the alpha frequency persisted 
during unconsciousness. During sleep in- 
duced pentobarbital (90 mg.), the in- 
cidence such activity has been related 
the incidence movements the sub- 
Occurrence rapid activity has 
been observed following 
jection amobarbital (75 mg.), appear- 
ing not less than seconds after the 
Behavioral changes (hemimotor, 
hemisensory, and homonymous hemianopic 
defects) were predominantly unilateral 
and the opposite side, whereas the elec- 
troencephalographic changes were, for the 
most part, bilateral. Certain behavioral 
changes (nystagmus, 
ness), well electroencephalographic 
rapid activity and sleep patterns which fol- 
low intravenous amobarbital, were never 
seen as_ initial intracarotid 
amobarbital. Toman and have ade- 
quately summarized the results studies 
changes induced barbiturates. They 
state that there general but not in- 
variable appearance fast activity in- 
crease beta activity after small doses 
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which produce minimal psychic effects, 
whereas larger doses sufficient produce 
sleep alter the record the direction 
dominant slow rhythms with the appear- 
ance spindles and other features the 
natural sleep.” 

Information obtained from examination 
changes electrical activity deeper 
the central nervous system (depth electro- 
gram) has not been too fruitful provid- 
ing much more than more precise descrip- 
tion such altered manifestations func- 
tion. example, the work Monroe 
and might cited. They ob- 
planted the septal region, hippocampus, 
amygdaloid nucleus, caudate nucleus, hy- 
pothalamus, and tegmentum the mesen- 
cephalon. Administration amobarbital 
resulted homologous changes cortical 
activities similar those 
recorded from the usual scalp electrodes. 
The subcortical changes characteristic 
sleep were most obvious the septal and 
hippocampal regions, and rarely were such 
patterns seen subcortical structures be- 
fore they were apparent 
Again Toman and may quoted 
with reference the physiologic mecha- 
nisms involved. They state that the descrip- 
tive studies electrical activity are not 
“incompatible with the view that the essen- 
tial mechanisms barbiturate action are 
increased recovery time increased 
threshold for cerebral neurons general, 
with somewhat greater sensitivity cor- 
tex than diencephalic centers.” their 
belief that the variety qualitative 
changes produced the electroencephalo- 
the functional organization 
tional type drug action. 

One can establish general correlation 
changes. 
psychic alterations, and 
level, but considerable variation exists be- 
tween individuals.** Eighteen per cent 
series patients exhibited some EEG 
abnormalities with serum bromide con- 
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centration 100 mg. per 100 ml. 
level 200 mg. per 100 ml. greater, the 
incidence was per cent. levels above 
200 mg. per 100 ml., there usually was ob- 
served diffuse, slow activity typically asso- 
ciated with irregular, high voltage, 
per second waves. Psychic changes were 
marked these levels. Rapid activity was 
mixed with the slow component when the 
serum bromide level was 180 mg. per 100 
ml., and 160 mg. per 100 ml., the fre- 
quency was similar that seen moder- 
ate degrees barbiturate 
mainly the per second range. 
Rapid activity appeared the serum level 
bromide fell and the mental status 
the patients improved. 

Chloral hydrate and paraldehyde quali- 
tatively resemble the barbiturates their 
effects the Less pronounced ef- 
fects occur after hypnotic doses chloral 
hydrate than following and 
paraldehyde more effective raising the 
threshold for electrically induced convul- 
sions animals than chloral hydrate. 
The latter observation compatible with 
the greater clinical effectiveness paralde- 
hyde anticonvulsant. Administration 
methyprylon dogs produces EEG 
changes similar those occurring after 
and would expected 
that this drug and the newer hypnotics 
would very much alike terms EEG 
effects man. 

Spinal cord. Only mention will made 
actions hypnotics this level since 
undoubtedly safe say that virtually 
all definitive information this nature has 
derived from studies species other than 
can increase several fold the threshold 
response sensory stimuli. Adequate doses 
will markedly depress all spinal 
With smaller doses, however, selective de- 
oression internuncial neurons may re- 
sult. Brooks and have obtained 
from studies the monosynaptic 
that the local increase thresh- 
the motor neuron produced bar- 
the result increased elec- 
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trical resistance the cell membrane. 
the basis available evidence from lab- 
oratory experiments, one led conclude 
that the effects barbiturates 


the other hypnotics) the spinal 


cord (also peripheral nerves) are not too 
unlike those higher the neuraxis, but 
the sensitivities the latter are much 
greater. 

Other effects. Nystagmus 
venous administration barbiturates may 
group normal individuals following the 
dose The presence 
head injuries apparently increases the fa- 
cility with which can produced, and 
the duration prolonged individuals 
with objective evidence cerebral lesions. 
Normally, the eye follows moving object 
with smooth pursuing movement; stud- 
with thiopental (100 mg.) admin- 
istered slowly the intravenous route 
have shown this smooth movement 
converted succession jerks, each 
one refixating the escaping object. the 
presence nystagmus, barbiturates may 
have opposite The slow intra- 
venous administration 150 mg. 
amobarbital has been shown abolish the 
nystagmus and the associated blurring 
vision and/or oscillopsia occurring pa- 
tients with multiple sclerosis. Pupil size and 
speed pupillary response under light and 
dark stimulus conditions have been found 
oral administration secobarbital (100 
and 200 

Transient astereognosis may produced 
intravenously administered amobarbi- 
Patients with unilateral brain lesions 
and who exhibit some degree defect 
somatic sensation but impairment 
stereognosis after 
sufficient barbiturate was administered 
produce nystagmus and dysarthria. Patients 
with tetanus exhibit repetitive spontane- 
ous electromyographic activity between 
spasms, and this activity reduced 
pentobarbital (200 mg. intramuscularly 


q 


322 Shideman 


The antispasmodic activity 
the threshold the barbiturate for re- 
flex spasm induced various types 
stimuli appear to. roughly proportional 
the soporific effect produced. Abnormal 
involuntary movements, e.g., resting trem- 
ors, intention tremors, athetoid, choreic, 
and dystonic movements, are affected 
varying degrees intravenous administra- 
tion amobarbital and can grouped 
the basis the amount barbiturate 
required abolish the Ap- 
parently latent motor weaknesses 
tients with lesions involving parts the 
system which mediate 
motor functions can brought out 
doses barbiturate which not simi- 
pyretic activity has been demonstrated for 
derivative barbital, 1-phenyl-5,5- 
diethyl-barbituric acid,* and appears 
superior phenobarbital controlling 
febrile convulsions 


Respiration 

Precise studies the respiratory effects 
the hypnotics and sedatives man are 
not plentiful. Most our information 
their comparative activities and the details 
their actions derives from laboratory 
data. The barbiturates are progressive de- 
pressants respiration, the 
pending the dose. Orally administered 
hypnotic doses produce mild decrease 
respiratory activity not unlike that occur- 
ring with sleep. Notable respiratory depres- 
sion was observed only per cent 
series patients who received 
150 mg. secobarbital intramuscularly 
prior induction Oral ad- 
ministration methyprylon the upper 
range hypnotic dosage (400 mg.) has 
been shown cause slight but significant 
increase the carbon dioxide tension 
arterial This can interpreted 
tory depression. That hypnotic doses (100 
200 mg.) secobarbital not alter 
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the response the respiratory minute vol- 
ume carbon dioxide suggested the 
work Eckenhoff, Helrich, and 
Inasmuch only subjects were em- 
ployed this study, requires confirma- 
tion. patients with impaired respiratory 
function (severe pulmonary emphysema), 
hypnotic doses barbiturates may have 
more marked effects respiration. Admin- 
istration 100 mg. secobarbital such 
individuals resulted reduction re- 
spiratory minute volume, increase 
carbon dioxide tension, and decrease 
the and oxygen saturation arterial 
large hypnotic dose (200 mg.) 
minute volume about per cent, but com- 
parable depressant doses paraldehyde 
are stated not affect respiration signifi- 
Amounts barbiturates sufficient 
produce anesthesia cause greater de- 
gree respiratory depression. Respiratory 
minute volume significantly depressed 
during thiopental the degree 
depression dependent the depth 
anesthesia. Oxygen concentrations 
terial blood were maintained high levels 
under the conditions these studies, and 
respiration could still stimulated 
administration per cent carbon diox- 
ide, the response being greater lighter 
than deeper levels anesthesia. Depres- 
sion the respiration the major danger 
acute intoxication with the barbiturates, 
and death usually due respiratory 
failure. Reduction respiratory activity 
depth which mainly responsible for the 
reduction respiratory exchange. Changes 
rate are not uniform and are determined 
great extent the carbon dioxide ten- 
sion the blood. Susceptibility the 
respiratory center stimulation, even 
after spontaneous respiration 
makes the use respiratory stimulants 
logical acute poisoning the barbitu- 
rates, even when pulmonary ventilation 
tory depression one the major features 
acute intoxication with the hypnotics, 


$ 


Volume 
Number 


occasionally exception found. Certain 
indicate severe poisoning with 
marked impairment respiration. 

Since peripheral chemoreceptor mech- 
anisms are less sensitive the depressant 
effects hypnotics (barbiturates) than 
the respiratory center, centrally directed 
impulses, deriving from stimuli 
aortic areas, may maintain respiration 
the presence markedly ‘depressed 
center. Under such circumstances, the 
center may not only insensitive car- 
bon dioxide but further depressed in- 
spiration high concentrations this gas 
time when respiration being main- 
tained mainly the peripheral stimulant 
effect Removal the anoxic 
stimulus administration oxygen can 
result further depression cessation 
respiration. Thus, while the respiratory 
center still responds carbon dioxide, 
during the lesser degrees depression 
the central nervous system, respiration 
regulated mainly the tension this gas 
the blood but severe degrees de- 
pression respiratory activity effected pri- 
marily the anoxic drive mediated 
peripheral chemoreceptor mechanisms. 

Respiration also may embarrassed 
consequence hiccoughing, coughing, 
and laryngospasm, particularly when the 
short-acting and ultra short-acting barbitu- 
rates are administered intravenously the 
absence appropriate premedication. 
the basis studies cats Burstein and 
has been assumed that this 
the result heightened central para- 
sympathetic activity produced the bar- 
biturates. More recently, direct recordings 
the muscles the glottis the goat 
have failed demonstrate such action 
acute poisoning with the barbiturates, 
nonia may further 
complicate respiratory picture. 
similar situation can arise with the 
agents exemplified fatal case 
poisoning with 
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the therapeutic doses employed for 
their sedative somnifacient actions, these 
drugs not greatly affect the cardiovas- 
cular system. result the slight re- 
duction irritability and reactivity the 
central nervous system, blood pressure and 
heart rate may decreased somewhat, 
quantitatively similar that occurring 
rest during natural sleep. However, even 
small doses the barbiturates, when in- 
jected rapidly the intravenous route, 
can produce abrupt but transient hypoten- 
sive responses and large doses, 
mg. thiopental pentobarbital per kilo- 
gram (greater than those required pro- 
duce deep anesthesia), artificially re- 
spired dogs cause severe hypotension.** 
the presence hypertension, significant 
reduction systolic blood pressure with- 
out concomitant decrease diastolic 
pressure has been after admin- 
istration small doses barbiturate. 
blood pressure following 
sive patients also has been As- 
sociated with the decrease blood pres- 
sure there usually was reduction total 
peripheral resistance. the other hand, 
anesthetic doses barbiturates 
tensive individuals have been 
peripheral resistance. Cerebral blood flow 
well maintained during thiopental anes- 
thesia even though the oxygen consump- 
tion and the respiratory quotient the 
brain are significantly When 
smaller amounts (insufficient produce 
anesthesia) this phenobar- 
are given, measurable changes 
cerebral blood flow cerebral metab- 
olism occur. Other made 
under thiopental amobarbital anesthesia 
individuals with toxemia pregnancy, 
indicate that addition decrease 
oxygen utilization the brain there 
significant reduction cerebral blood flow. 
The blood supply the kidney, like that 
the brain, appears little affected 
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sedative doses barbiturate (pheno- 
barbital) chloral Similarly, 
anesthesia with pentobarbital produces 
significant changes the splanchnic blood 
flow 

The capacity the barbiturates re- 
duce cardiac output, when given suf- 
ficient amounts experimental animals, 
well known. the heart-lung prepara- 
tion the dog, 200 225 mg. thio- 
pental pentobarbital reduces output 
much per Utilizing the dye 
dilution technique for measurement car- 
diac output man, Etsten and have 
found, however, that the intravenous ad- 
ministration thiopental doses sufficient 
produce only state drowsiness does 
not significantly affect the cardiac index. 
Even during light anesthesia 
drug, there apparent effect cardiac 
However, deep anesthesia with 
produces significant decrease 
stroke volume (35 per cent) asso- 
ciated with somewhat smaller reduction 
cardiac output. That the hypotensive re- 
sponse large doses barbiturates is, for 
the most part, due reduction car- 
diac output rather than peripheral vaso- 
dilatation indicated the studies 
which the hind leg the dog 
fused constant pressure showed that 
maximum dilatation was realized dose 
less than one-third that required pro- 
duce cardiovascular failure and time 
when the mean blood pressure the ani- 
mal was still quite adequate. 

The hemodynamic responses other 
hypnotics have not been all 
oughly studied those resulting from the 
barbiturates. toxic doses, chloral hydrate 
stated produce marked vasodilata- 
tion and hypotension, and its effects the 
heart are described being very similar 
changes cardiac status have been ob- 
served individuals with normal dis- 
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eased hearts who received much 2.6 
Gm. per Cardiovascular studies 
man with the more recently introduced 
hypnotics are extremely 
meager. Methyprylon, when given orally 
hours after its administration, neither does 
alter the changes these parameters 
produced change from the supine 
the degree, head Al- 
though hypotension known occur 
acute poisoning with the hypnotics, the 
most striking feature usually respiratory 
depression. However, some cases 
acute intoxication with and 
festation has been pronounced 
sistent reduction blood pressure. sev- 
eral instances, this has been out propor- 
tion the degree respiratory depres- 
sion. Whether such response these 
drugs involves primarily central pe- 
ripheral mechanism cannot stated. 
been observed not infrequently with toxic 
doses the barbiturates and number 
electrocardiographic changes, e.g., flattened 
ments, high waves, may occur. The latter 
have been ascribed myocardial oxygen 
deficit, since not uncommonly they have 
been noted only after the appearance 
Therapeutic doses certain 
these drugs, namely, phenobarbital (120 
mg. per day) and methyprylon (400 mg. 
per day), administered over short periods 
chronic cardiac disease produce signifi- 
Auricular fibrillation, ventricular premature 
systoles, and aberrant ventricular conduc- 
tion have been reported one instance 
Abnormalities produced the 
ballistocardiogram fatigue disappear 
during sleep induced the intravenous 
administration 250 750 mg. 
This same drug, when admin- 
istered patients with benign hyperter- 
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sion amounts (300 1000 mg.) suf- 
ficient produce significant hypotension, 
ballistocardiographic change, dis- 
agreeable side reaction, quite ineffective 
improving the ballistocardiogram but 
effectively improves the calculated maxi- 
mum force per significant elec- 
trocardiographic changes have 
ported man following administration 
therapeutic doses the newer hypnotic 
agents (ethchlorvynol, ethinamate, methy- 
prylon, 


Autonomic nervous system 


All our more precise information re- 
lating the peripheral autonomic effects 
the hypnotics derives from studies 
animals other than man. Their significance 
the therapeutic applications these 
drugs cannot stated. This being the 
case, only selected examples experi- 
mental studies this type will 
sented along with the few observations 
man which may related any way 
them. 

mechanisms have 
been demonstrated. Marked differences 
activity occur with different drugs and dif- 
ferent species. the cat, the intracarotid 
injection various barbiturates without 
effect chemoreceptor activity 
cated impulse activity the carotid 
sinus Pressoreceptor vasomotor re- 
flexes are inhibited varying degrees 
different barbiturates, and, similarly, the 
cardiac responses vagal stimulation 
dogs and are affected differently 
different drugs this group. The latter 
action can stated occur the vagal 
ganglia since cardiac responses acetyl- 
choline, physostigmine, and pilocarpine are 
still elicitable. Transmission sympathetic 
well parasympathetic ganglia may 
the barbiturates. Amobarbital 

about one-fourth potent 

mmonium suppressing transmission 
stellate ganglion the with buta- 
pentobarbital, hexobarbital, phe- 
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creasing activity respectively. There 
correlation between the capacity these 
compounds depress the central nervous 
system and peripheral ganglionic transmis- 
sion. Inhibition transmission nerve 
fibers can demonstrated, but consider- 
ably higher concentrations the drugs are 
required. cold-blooded animals, paraly- 
sis autonomic (vagal) nerve endings 

Although serum 
can inhibited vitro various bar- 
biturates, single large doses phenobar- 
bital 5-phenyl-5-methylbarbituric acid 
not produce significant alterations 
the activity this enzyme man. How- 
ever, when the latter drug administered 
for prolonged period time, the activi- 
ties serum cholinesterase and 
spinal cord and muscle (but not brain) 
cholinesterase guinea are de- 
creased. Inhibition cholinesterase could 
explain the enhanced 
tropic response intravenously adminis- 
tered acetylcholine the dog during pen- 
effects have been observed man which 
are consonant with these findings, 
doubtful that such enzymatic action 
the barbiturates any great significance 
macology. The same undoubtedly true 
the case the other hypnotics, e.g., 
chloral where inhibitory ac- 
tion cholinesterase has been demon- 
strated. 

number studies man and other 
animals have shown that barbiturates are 
capable affecting reflex compensatory 
mechanisms which are mediated the 
autonomic nervous system. The part played 
the previously described peripheral ac- 
tions these drugs the alteration 
such reflexes unknown. Dogs deeply 
anesthetized with pentobarbital exhibit 
postural hypotension and not display 
the reflex tachycardia which normally fol- 
lows tilting. hypertensive patients, the 
diastolic blood pressure affected 
quantitatively similar fashion both seco- 
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believed that action the neurogenic 
component the disease involved 
the responses to.both drugs but that they 
act different levels the same reflex arc. 
decrease responsiveness central 
sympathetic mechanisms believed 
the explanation for the enhanced hypoten- 
sive effect produced methacholine 
(Funkenstein test) hypertensive patients 
after administration 


Gastrointestinal tract 


Although the hypnotics sedatives, 
particularly the barbiturates, have been 
shown affect the physiologic state the 
gastrointestinal tract experimental ani- 
mals and these effects are undoubtedly, 
many instances, the result peripheral 
actions the drugs, the same cannot 
said with respect man. Both vivo and 
vitro studies have demonstrated the de- 
pressant effects barbiturates intestinal 
activity. dogs the tone Thiry-Vella 
loops decreased administration 
phenobarbital, and the tone both inner- 
vated and denervated stomachs inhibited 
either barbital pentobarbital. These 
studies not explain, however, the rela- 
tive roles the intrinsic innervation and 
the smooth muscle such responses. The 
enhanced intestinal activity resulting from 
administration barium chloride dogs 
can decreased certain 
effect which again may attributed 
depressant action peripheral cho- 
linergic mechanism directly the 
smooth muscle. transitory decrease the 
contractile amplitude Thiry-Vella loops 
dogs, followed gradual recovery 
with subsequently greater tone than nor- 
mal and enhanced contractile amplitude, 
has been observed during barbiturate anes- 
thesia. Doses (300 mg. orally 200 
400 mg. amobarbital suf- 
ficient produce drowsiness sleep 
man cause reduction motility the 
sigmoid Recovery from the cen- 
tral depressant effects the barbiturate 
associated with manifestations greater 
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activity, enhanced amplitude con- 
tractions and increased tone. Reduction 
colonic activity also occurred during vari 
ous stages drowsiness and sleep 
absence drug, and the authors were 
the opinion that the reduction 
motor activity observed after 
administration was, least part, the 
result the cerebral inhibition 
with sleep. the dog, explanation 
was provided for the enhanced activity 
the intestine after recovery. 

Gastric emptying time can prolonged 
and gastric secretions inhibited animals 
the barbiturates, but hypnotic doses 
man appear have little effect these 
aspects gastric physiologic state. The 
benefits derived from these drugs allay- 
ing symptoms arising from malfunction 
the gastrointestinal tract appear as- 
cribable, large part, their depressant 
actions the central nervous system. 


Genitourinary system 


Depression tone and contractility 
the uterus, ureters, and urinary bladder 
barbiturates can demonstrated vitro 
and laboratory animals vivo, but the 
concentrations required usually are not at- 
tained after the ordinary therapeutic doses 
man. Uterine muscle, particular, 
quite resistant the depressant effects 
these drugs. Parenteral administration 
much mg. amobarbital per kilo- 
gram over period hours during labor 
has been reported have effect the 
force, frequency, duration uterine 
Hypnotic doses not sig- 
nificantly alter activity, but anesthetic con- 
centrations prolong labor the result 
reduction the frequency and force 
contraction. Similar information the 
other hypnotics not available. 

Although light barbiturate 
bital) anesthesia the dog does not sig- 
nificantly renal tubular reabsorption 
urine formation can sup- 
pressed sufficiently large doses 
sequence (1) hypotension resulting 
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vascular depression and (2) enhanced se- 
retion antidiuretic hormone ac- 
‘ary system. Certain renal functions man 
‘ion this group drugs than those 
the dog. Hill, Daeschner, and 
determined the effects sedative doses 
phenobarbital and chloral hydrate sev- 
eral renal functions children. Phenobar- 
bital had significant effect water ex- 
cretion, but there was apparent increase 
after chloral hydrate. Potassium excretion 
was significantly reduced phenobarbi- 
tal but not chloral hydrate. Glomerular 
filtration rate and sodium clearance were 
unaffected, whereas the maximal tubular 
excretory capacity for p-aminohippurate 
was reduced both drugs. Similar reduc- 
tion the capacity the renal tubules 
excrete p-aminohippurate has 
ported occur the dog during surgical 
anesthesia with barbital 
significant effects glomerular filtra- 
tion rate effective renal 
were observed. Apparently the state 
hydration may affect significantly the in- 
fluence barbiturates renal function 
since the urinary content potassium can 
reduced pentobarbital hydropenic 
but not hydrated 


Liver 


There convincing evidence that the 
commonly when 
given therapeutic doses individuals 
with normal liver function, are hepatotoxic. 
course there are rare instances hyper- 
sensitivity which liver dysfunction has 
occurred after administration relatively 
small amounts one these drugs. This 
complication has been assumed have 
basis, the case jaundice 
observed individual following the 
administration ectylurea (900 mg. 
hough has been stated that jaundice has 
observed following ingestion suf- 
‘cient amounts barbiturates produce 
cute intoxication and that further hepatic 


Hypnotics 327 


damage may produced these drugs 
patients with liver disease, administra- 
ethylbarbituric acid dogs for year re- 
sulted only minor changes the mor- 
phologic condition the Single 
doses (100 120 mg.) pentobarbital 
administered intravenously patients with 
demonstrated liver disease did not signifi- 
cantly alter existing liver Re- 
moval the drug from the blood these 
patients was not significantly slower than 
that occurring normal individuals. The 
few slight and reversible changes liver 
function that have been observed with bar- 
biturate anesthesia and administration 
other hypnotics, e.g., 3-methyl-1-pentyn-3- 
may occur following the 
use general anesthetics and undoubtedly 
are part the total response the or- 
ganism stress. 


Metabolic effects 


Metabolic rate and temperature. Ander- 
son, Chen, and determined the ef- 
fects number barbiturates (amo- 
barbital, barbital, diallylbarbituric 
probarbital, butethal, cyclobarbital, pheno- 
barbital) basal metabolic rate. Although 
their data were not statistically analyzed, 
gross inspection would indicate 
these drugs long hour after oral 
administration sedative-hypnotic doses. 
Deep anesthesia dogs with amobarbital 
produces rapid decline body tempera- 
metabolic rate which, general, less 
than per cent.** the less deeply anes- 
thetized animal, the temperature may drop 
but shivering can occur with resultant 
increase metabolism and restoration 
the temperature normal levels. Al- 
though barbiturate anesthesia can produce 
demonstrable reduction cerebral oxy- 
that total oxygen consumption may re- 
duced much per cent, well- 
documented experiments similar those 
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carried out with the dog are not available 
support such statement with respect 
either the barbiturates other hypnot- 
ics. 
Blood sugar. number studies fail 
establish any consistent pattern re- 
sponse barbiturate administration. The 
compound and the dose employed, the 
nature the diet, and the species are 
among the factors which determine the 
magnitude, duration, and direction any 
alteration which may occur. dogs deep 
anesthesia with amobarbital causes 
change blood sugar However, 
other indicates that the animals 
are fed high carbohydrate diet rather 
than meat diet, barbiturate administra- 
tion can cause hypoglycemia. This ex- 
ample the manner which the response 
the blood sugar affected diet. 
stated that the usual hypnotic doses 
the barbiturates not significantly con- 
sistently produce changes the concentra- 
tion blood sugar man, but variety 
abnormal glucose tolerance curves have 
been reported patients receiving large 
doses these Such individuals 
also exhibit higher levels blood glucose 
and lactic acid after oral administration 
glucose (100 Gm.) than occur persons 
receiving 

Other metabolic effects. variety bio- 
chemical changes have been reported 
animals following administration hyp- 
notics, particularly barbiturates. the ab- 
sence comparable studies 
man, would serve useful purpose 
detail them review the human 
pharmacology these drugs. However, 
might interest point out certain 
activities serum transaminases found 
which have counterpart animal stud- 
(GOT) activity was elevated. 
these the value was over Ten the 
latter complained muscle pain and ten- 
derness after return consciousness, and 
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muscle biopsy revealed necrosis and 
duction myoglobin. Myoglobinuria 
also present. another series 
rable number showed elevation GOT 
tivity and only exhibited increase 
glutamic-pyruvic 
Those patients who exhibited only in- 
creased serum GOT activity 
whom liver biopsies were obtained showed 
evidence liver cell necrosis. 


Miscellaneous effects 


The usual therapeutic doses barbitu- 
rates, well other hypnotics, produce 
little any change the formed elements 
the blood. Thrombocytopenia, hemodilu- 
tion, reduction circulating blood vol- 
ume, decrease erythrocytes, cell volume, 
hemoglobin, and total protein, 
changes hematologic nature have been 
observed following administration va- 
riety barbiturates different animals. 
man the occurrence megaloblastic 
anemia, responding administration 
folic acid, has 
rates.?*: 36, 65, 173 

The capacity various hypnotic and 
sedative drugs affect skeletal muscle and 
the myoneural junction has been demon- 
strated the laboratory. The various bar- 
biturates can potentiate the maximal twitch 
response and exhibit curarelike 
curare Administration bar- 
biturate rats has also been shown de- 
crease the responsiveness skeletal mus- 
cle direct electrical The 
presence and amount activity these 
various types depend particular 
compound employed. Perhaps 
them may observed man after large 
toxic doses the barbiturates, but 
doubtful that they are any significance 
the therapeutic use these drugs. The 
can alter the functional state 
skeletal muscle the myoneural 
been reported. 

Local irritation the skin muccus 


umber 


aembrane not uncommon property 
the hypnotic drugs. The extreme alka- 
nity salts the barbiturates well 
nown, and the consequences depositing 
trong solutions these certain sites, 

beneath the skin, are recognized. Oc- 
asionally, marked irritation with edema 
mucous membranes the throat can 
occur following ingestion 
Nausea and vomiting are not rare after oral 
administration most hypnotics. Large 
sodium potassium bromide 
not infrequently produce gastric irritation, 
presumably the basis salt effect. 
Chloral hydrate, when applied the skin, 
changes, and this irritant action believed 
the basis the nausea and vomiting 
which may follow ingestion insufficiently 
diluted solutions the drug. Old decom- 
posed preparations paraldehyde contain- 
ing significant concentrations acetic acid 
have caused marked irritation and necrosis 
mucous membranes after oral rectal 
and least two deaths 
have been ascribed complications aris- 
ing from such effects. 

Other than the cutaneous 
which can produced direct applica- 
tion the more irritant hypnotics, un- 
doubtedly the untoward reactions which 
have been observed the skin are idio- 
syncratic have allergic basis. 
riety have been described and their occur- 
rence unpredictable. the case the 
barbiturates, these range from general- 
rash, bullous erythema 
multiforme, discrete coin-sized violaceous 
macules “fixed-eruption” type, 
ticaria universal exfoliative dermatitis. 
They infrequently occur following single 
dose but appear result from acquired 
scnsitivity. Cutaneous changes have been 
acutely intoxicated with the barbitu- 
and although most cases barbi- 
‘ate dermatitis clear withdrawal the 
death has followed such 
chronic bromide intoxication, 
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cent the individuals, but the eruption 
may more bizarre, e.g., nodose bromo- 
derma. The involvement the skin un- 
related other manifestations intoxica- 
tion blood levels bromide. variety 
allergic cutaneous reactions, well 
somnambulistic reactions, may occur after 
administration chloral Acute 
exfoliative dermatitis after methylparafynol 
has been observed, and likely that 
cutaneous eruptions have been will 
noted with the newer agents. 


Tolerance and summation synergism 


Development tolerance cross-toler- 
various barbiturates has been 
demonstrated laboratory animals. Rela- 
tively large doses (40 per cent the 
were employed, and tolerance was 
relative (manifested shortening the 
sleeping time without any change the 
lost. Belleville and 
undertook study determine 
the degree tolerance developed bar- 
biturates man. their investigation, 
tolerance was defined decrease the 
initial degree observable effects when 
the same dose drug was administered 
repeatedly. Eighteen former addicts were 
given 0.4 Gm. pentobarbital 
barbital daily for days and observed 
clinically. Psychomotor tests (reaction 
time, vertical tracing) were administered 
before and during drug treatment well 
after withdrawal the drug. signifi- 
cant degree tolerance occurred all the 
initial effects the barbiturates, indi- 
cated hours sleep, intoxication scores, 
and psychomotor test performance. Evi- 
dence tolerance appeared early, during 
the first week two intoxication. There 
was marked individual variation the de- 
gree tolerance and most 
individuals maximum daily dose could 
established which, exceeded 
little 0.1 Gm., resulted serious intoxi- 
cation. Evidence tolerance the elec- 
troencephalographic changes produced 
barbiturates also has been but 
only when somewhat higher doses (0.6 
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Gm. per day) secobarbital pentobar- 
bital were employed. 
viously exposed barbiturates and acutely 
intoxicated with phenobarbital may exhibit 
blood levels barbiturate one and one- 
half two times those individuals hav- 
ing prior exposure the drug without 
evidencing any greater degree depres- 
The former were stated ra- 
tional when they experienced blood levels 
7.5 mg. per cent, which concentration 
the normal person would anesthetized. 

laboratory animals limited degree 
tolerance chloral and paral- 
has been demonstrated after ex- 
tended administration large doses. 
tolerance the depressant effects the 
bromide ion has been observed, and data 
this point the case the newer 
agents are not available. Likewise, experi- 
ments designed assess the capacity 
develop tolerance these hypnot- 
ics have not been performed. 

The realization greater degree de- 
pression from administration second 
depressant the central nervous system 
along with hypnotic than obtained 
with the hypnotic alone recognized and 
requires documentation. Whether the 
resultant degree the response obtained 
combination hypnotics with other 
agents can ascribed summative, 
synergistic, potentiating actions dif- 
ficult, not impossible, state any 
given situation this time. Quantitative 
data man which would allow one pro- 
vide some enlightenment this area are 
almost totally lacking. There are many 
agents (calcium salts, acetylcholine, disul- 
firam, certain surface active agents, meph- 
enesin, number intermediary metab- 
olites, thiamine) which would appear 
give rise other than additive effect 
when used combination with the barbi- 
Here again, however, not 
possible draw any conclusions with re- 
spect the quantitative nature the drug 
interactions. The nearest one can arrive 
positive statement with regard these 
relationships derives from the 
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combination alcohol with barbiturat: 
Whereas definitely additive effect 
monstrable the basis one type 
measured response mice, the picture 
(see central nervous system, behavioral 
fects). 


Addiction 


has been pointed out that 
the Germans recognized the addiction lia- 
bility the barbiturates much earlier 
date than did physicians and medical scien- 
tists this country. However, was the 
the United States which provided the de- 
tailed information addiction these 
compounds and basis fact for the 
earlier clinical observations. description 
the various aspects human addiction 
has derived largely from the efforts the 
Research Division, Public Health 
Service Hospital, Lexington, Kentucky, and 
the work prior 1957 excellently sum- 
marized Subsequent additional 
information contained publications 
Fraser and and Essig and 

That the symptoms ab- 
stinence from the barbiturates are not at- 
tributable antecedent epileptic 
psychotic diathesis was established early 
the course studies man. Subsequently, 
was demonstrated that 
gestion barbiturates over long period 
time resulted physical dependence. 
The large doses required result tol- 
erance and physical dependence these 
compounds distinguishes them from the 
opiates, which only small doses are 
needed initiate the changes that result 
these phenomena. this quantitative 
difference which allows the use thera- 
peutic doses the barbiturates for years 
without establishment addiction. The in- 
toxication produced chronic administra- 
tion the barbiturates resembles that 
chronic alcoholism, and the abstinence syn- 
drome distinctly different from that 
lowing withdrawal opiates. The 
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physical dependence developed depends 
number factors, among which are 
(1) the barbiturate employed, 
quency dosage, (3) total daily dosage, 
(4) length administration, (5) age, 
(6) sex, (7) race, and (8) personality. 
are among those several factors 
which affect the response any drug and 
are way unique, The only one 
these variables which any definition can 
given dosage. With secobarbital 
pentobarbital, daily dose excess 0.4 
Gm. healthy adult males required 
produce significant degree 
physical dependence. Below this dose, 
Gm. per day, administration for 
riod year results signs ab- 
stinence upon withdrawal the drug. Fol- 
lowing daily administration 0.4 Gm. for 
days, minor symptoms and signs occur, 
and above this dose, 0.6 0.8 Gm. 
per day, persistent, mild intoxication ex- 
stated previously, there are 
marked individual variation the de- 
gree tolerance developed these drugs 
and critical level tolerated dosage 
which cannot exceeded 
without danger severe intoxication. 

During the period intoxication with 
doses sufficient result physical depend- 
ence, number sighs and symptoms oc- 
cur. These include impairment mental 
ability, regression, confusion, emotional 
instability, dysarthria, ataxia, 
and depression superficial and abdomi- 
nal reflexes. certain degree tolerance 
these effects develops. Upon withdrawal 
the drug, certain symptoms and signs 
occur which have been classified major 
minor nature. The minor symptoms 
signs include, approximate order 
anxiety, involuntary twitching 
muscles, coarse intention tremors the 
inds and fingers, progressive weakness, 
distortions visual perception, 
vomiting, insomnia, weight loss, 
marked orthostatic hypotension. Con- 
the grand mal type and delir- 
resembling alcoholic delirium tremens 
the major manifestations withdrawal. 
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When the drug withheld, signs and 
symptoms intoxication gradually disap- 
pear during the first hours, and be- 
tween and hours the minor evidences 
withdrawal appear. These then decrease 
severity unless there are convulsions 
and/or delirium, which then are followed 
tremor, anxiety, and insomnia persisting 
for days. Rather marked electro- 
encephalographic 
either high voltage paroxysmal discharges 
high voltage paroxysmal activity 
slow type occur. Following convulsion, 
certain changes occur the blood which 
are like those found after electroshock. 
There sharp increase serum uric 
acid concentration, subsequent decrease 
the eosinophil count, and delayed rise 
gen. Death has occurred 
and was characterized rapid 
weak pulse, cyanosis, continuous clonic 
movements, hypotension, 
thermia. 

the older literature, addiction chlo- 
ral hydrate and paraldehyde has been re- 
ported, and does not seem unlikely that 
this may occur under appropriate circum- 
stances, but experimental studies the 
type employed the case the barbitu- 
rates have not been undertaken confirm 
such observations. least cases what 
appear have been addiction glutethi- 
mide have been reported the United 
case the patient was 
known have taken the drug for months 
and have ingested least Gm. during 
the final days prior being seen 
physician. During withdrawal the patient 
was confused and disoriented and convul- 
sions the grand mal type were observed. 
the second case was not possible 
establish the amount drug being taken, 
but was estimated 0.5 Gm. 
used two three times day over period 
months. Although convulsions oc- 
curred abrupt withdrawal, the patient 
was extremely restless, exhibited periodic 
muscular spasms, and the sixth day ex- 
perienced hallucinations although receiving 
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phenobarbital. Other reports 
undoubtedly appear the 
literature. 


Disposition 


Absorption. Since the hypnotics are ef- 
fective when administered variety 
routes, would follow that their absorp- 
tion from most enteral and parenteral sites 
quite adequate. Only limited amount 
information available the quantita- 
tive aspects and kinetics absorption 
these drugs man. Absorption signifi- 
cant amounts both thiopental and seco- 
barbital from the human stomach has been 
shown occur. has examined the 
relative rates absorption three barbi- 
turates from the intestinal tract follow- 
ing their concentrations blood after oral 
administration. Barbital and aprobarbital 
appeared absorbed about the same 
rates, estimated the time required 
attain maximal plasma levels, hours 
and hours, respectively. The highest 
concentrations phenobarbital plasma 
were realized after significantly longer 
time, hours. Both the clinical and 
laboratory data indicate alco- 
hol does not significantly influence the rate 
absorption barbiturates from the gas- 
trointestinal tract. 

The bromide ion rapidly absorbed 
from the gastrointestinal tract, and studies 
employing isolated segments intestine 
have shown that although the chloride ion 
does not interfere with absorption bro- 
mide, rate absorption chlorides 
reduced the presence the bromide 
The lower portions the intestine 
are stated absorb bromides more rapidly 
than are the upper portions. Maximal 
plasma levels methyprylon the dog 
are achieved approximately hours after 
its oral The absorption 
ethinamate rapid, since appears 

Distribution. Most the data obtained 
prior 1956 the distribution (and me- 
tabolism) barbiturates have been well 
summarized Richards and 
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necessity, most our information thi; 
aspect the pharmacology these drug; 
derives from studies species other than 
man. These indicate that the barbiturates 
gain access practically all tissues, the 
concentrations found being determined 
the type compound, dose, and time 
lowing administration. After finding their 
way into the blood, they are bound 
plasma protein, the albumin fraction, 
varying degree. The extent which bind- 
ing occurs will determine the relative 
amount freely diffusible drug available 
any given time for distribution other 
tissues. this latter fraction which de- 
termines the magnitude the physiologic 
effect. Among the several barbiturates 
studied, barbital bound the smallest 
per cent) and thiopental and hexethal 
(65 per cent) the greatest proportions. 
Binding reversible and dependent 
concentration albumin. general, the 
degree binding inversely proportional 
binding not great, but vivo plasma 
concentrations phenobarbital vary 
the same direction Tissue/plasma 
concentration ratios phenobarbital vary 
direction opposite those pH, such 
changes being due alterations 
bution the drug between plasma and 
tissue. The influence the 
bution barbital not all marked 
explained the difference acidic 
strength the two compounds. 

With few exceptions, distribution bar- 
biturates from blood other tissues and 
establishment equilibrium occur quite 
rapidly. Barbital and phenobarbital enter 
the brain more slowly than other com- 
pounds which have been studied. This 
would explain the delay onset anes- 
thesia after their intravenous administra- 
tion. The ultra 
hexobarbital, thiobarbiturates, 
very slowly from blood into fat but attein 
very high concentrations adipose 
This aspect the distribution these 
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heir short duration action. The concen- 
ration ratios barbiturates brain and 
approximate unity, but tissue/blood 
are higher for kidney and 
iver, which undoubtedly ascribable 
greater degree protein binding which 
known occur these tissues. There 
significant difference distribution 
various areas the brain. 
Concentrations thiopental cerebro- 
spinal fluid the dog equilibrium are 
about per cent those found plasma 
Concentrations other barbitu- 
rates the cerebrospinal fluid have been 
stated usually very but man 
has found the ratio concentra- 
tion phenobarbital cerebrospinal fluid 
that serum 0.43 0.60. These 
values are based concentrations 
phenobarbital serum. Those experiments 
which concentrations phenobarbital 
were determined ultrafiltrates serum 
show the ratios approximate unity. 
phenobarbital, 
and 
readily cross the placental 
barrier and are found fetal tissues. Con- 
centrations pentobarbital are approxi- 
mately per cent those found mater- 
nal blood. Equilibrium between the two 
after administration amobarbital. Both 
amobarbital and phenobarbital are found 
high concentration the placenta and 
fetal liver and brain. Small amounts 
barbiturates find their way into intestinal 
secretions and have been detected the 
skin and hair guinea pigs. has been 
stated that the permeability human 
erythrocytes barbiturates extremely 
low, but this doubtful since concentra- 
tions barbiturates plasma and whole 
blood rabbits are approximately equal. 
The bromide ion distributed the 
bedy manner similar the chloride 
ion, and the bromide space 
roughly the same that for 
remain extracellular except the 
the and perhaps the 
the central nervous Equi- 
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librium between human plasma and eryth- 
rocytes vitro occurs rapidly, and the ratio 
plasma/erythrocytes approximates but 
slightly less than Except for brain, the 
bromide/chloride ratio the extracellular 
fluid cats and dogs the same that 
for man least hours re- 
quired for the establishment equilibrium 
between plasma and cerebrospinal 
and the ratio cerebrospinal fluid bromide/ 
serum bromide, equilibrium, approxi- 
mately 0.4.°° This ratio essentially the 
same number mental disorders, 
schizophrenia, affective disorders, senile 
dementia, puerperal psychosis, and general 
paresis. However, inflammatory neuro- 
logic diseases, the rate entry bromide 
into cerebrospinal fluid considerably 
more rapid than the absence in- 
certain areas the central nervous system 
suggested studies with the 
Higher concentrations are attained 
more rapidly the hypothalamus than 
parietal cortex, white matter cerebellar 
hemispheres, medulla, spinal cord. Dif- 


the bromide ion are suggested ex- 
planation for such findings. 

Little known concerning the distribu- 
tion chloral hydrate the body. and/ 
its metabolites undoubtedly 
found most tissues, and does cross 
the placental barrier. Bernstine, Meyer, and 
reported that shortly after ad- 
ministration chloral hydrate pregnant 
women term, the drug found fetal 
blood, where significant levels are rapidly 
attained. Trichloroethanol present 
amniotic fluid more consistently than the 
parent compound the metabolite, tri- 
chloroacetic acid, the levels trichloroeth- 
anol being comparable those found 
fetal blood. Paraldehyde also traverses the 
placenta and found umbilical cord 
blood concentrations approximating 
those maternal Amounts par- 
aldehyde sufficient produce fatal intoxi- 
Methylparafynol has been detected 


>. 
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number body fluids and tissues. 
present blood and milk within 
minutes after ingestion Gm., can 
found amniotic fluid after oral adminis- 
tration Gm. the mother, and re- 
coverable from fetal liver and After 
intravenous infusion 1.1 Gm., was 
detected cerebrospinal fluid and its vol- 
ume distribution ranged from per 
cent. Data from studies laboratory ani- 
mals indicate glutethimide widely dis- 
tributed throughout the body. Although 
McBay and were unable detect 
any glutethimide blood liver from 
individuals dying the result over- 
dose the drug, Griffon, LeBreton, and 
reported blood concentrations 
and 110 mg. per liter fatal cases 
poisoning. They also found concentrations 
the drug the kidneys and liver two 
four times those the blood. 

Metabolism. Although the rate disap- 
pearance drugs from the blood usually 
reflection distribution and the vari- 
ous rates metabolism and excretion, 
can stated there rough inverse rela- 
tionship between the rate removal 
the barbiturates and their duration ac- 
tion. man Richards and have 
attempted approximate the rate de- 
cline blood concentrations for various 
barbituric acid derivatives the basis 
data available the literature. Long-acting 
compounds, e.g., barbital and phenobarbi- 
tal, are removed the rate about 
per cent per day or, one extrapolates, 
approximately 0.8 per cent per hour. Inter- 
mediate short-acting barbiturates, e.g., 
aprobarbital and pentobarbital, disappear 
the rate per cent per hour. 
Blood levels com- 
pounds, e.g., hexobarbital and thiobarbitu- 
rates, decline about per cent per hour. 
These values certainly are not mathemati- 
cally correct since they assume only first 
order kinetics involved, but they pro- 
vide useful estimates. 

The barbiturates have been shown 
undergo number chemical changes 
the organism which have been classified 
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under four general headings Raven 
(1) oxidation radicals the 
position, (2) removal N-alkyl radicals 
(3) conversion thiobarbiturates thei 
oxygen analogues, and 
cleavage the barbituric acid ring. Th: 
last appears occur only minor exten: 
vivo but has been demonstrated the 
dog for pentobarbital and 
Oxidation groups the position ap- 
pears the most important mechanism 
for metabolic transformation man, al- 
though most studies this type have been 
done other species. Phenobarbital 
converted 
barbituric acid, portion which ex- 
creted the form, presumably 
turic acid found the urine man 
after administration 
The thiobarbiturates also undergo oxida- 
tion radicals the position, e.g., oxida- 
indicate the extent which the parent 
compounds are converted these oxida- 
tion products the role such metabolic 
alteration plays the disposition other 
barbiturates which have similarly 
studied man. Conversion mephobar- 
bital phenobarbital example the 
N-dealkylating mechanism man. 
has demonstrated the presence 
metabolite the plasma individuals 
receiving mephobarbital and found its con- 
times that the parent drug. For discus- 
sion the enzymatic mechanisms involved 
the previously discussed metabolic al- 
terations well conversion thiobar- 
biturates their oxygen analogues, 
reaction which date has not been dem- 
onstrated man, the reader referred 
the review Brodie, Gillette, and 
Urochloralic acid was isolated from 
urine patients receiving chloral 
1875, and was identified the 


curonide trichloroethanol 1882. 
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1948 showed chloral hydrate was 
both trichloroethanol and 
acid the dog, and subse- 
juent studies Marshall and 
demonstrated the occurrence the same 
netabolic alterations man. The amount 
chloral hydrate oxidized 
acetic acid varies considerably different 
individuals and from day day, ranging 
and per cent the adminis- 
tered dose. Relatively high plasma concen- 
trations trichloroacetic acid coincide 
with the appearance trichloroethanol. 
general, the concentration the latter 
less than the former. Apparently, the major 
portion dose chloral hydrate 
converted trichloroacetic acid and only 
small amounts the glucuronide tri- 
chloroethanol are found 
stream. 

Very little can said regarding the 
metabolism paraldehyde man. Since 
capable furnishing two carbon 
fragment for acetylation sulfanilamide, 
this suggests that after depolymerization 
acetaldehyde and oxidation the latter 
acetic acid, further metabolized 
carbon dioxide and water. Acid products 
its oxidation, under 
stances, can result 
afynol appears almost completely 
found the urine after oral dose 
100 mg. and more than per cent 
appearing after doses 500 3,000 
vitro experiments utilizing liver and 
kidney tissues have shown the drug can 
completely metabolized carbon dioxide 
and water. the dog, small amounts 
per cent) methyprylon are excreted 
the dehydrogenated derivative, 2,4-dioxo- 
The formation this derivative 
man has not been described. fatal poi- 
soning with glutethimide, both the free and 

conjugated metabolite, a-phenylglutari- 
went compound, have been found the 
the former present the extent 
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Approximately 1.5 per cent the adminis- 
tered dose glutethimide the dog 
excreted 

Experimental studies have adequately 
demonstrated the major role played the 
liver the metabolism barbitu- 
rates whose actions are limited such 
means, but the picture not clear cut 
man. Apparently significant amount 
liver dysfunction essential before any 
appreciable alteration the duration 
When hypnotic doses (100 120 mg.) 
phenobarbital were given patients with 
severe liver disease, the drug 
found disappear less rapidly from the 
blood than did from individuals with 
normal liver However, 
doubtful that these were sufficiently chal- 
lenging doses compound which ex- 
creted unchanged significant amounts 
result any observable differences rates 
metabolism the two types patients 
studied. Tissues other than the liver have 
been demonstrated capable metab- 
olizing the barbiturates, but they would 
appear play much less important 

The liver site numerous enzy- 
matic mechanisms for metabolism drugs 
becomes apparent reading the review 
would safe say, without any experi- 
mental data, that plays significant role 
the chemical alteration all metaboliz- 
able hypnotics. This has been borne out 
studies which have been performed 
with laboratory animals. 
function, produced various means, pro- 
longs the action slows the rate metab- 
olism chloral hydrate, paraldehyde, and 
These and some the other 
hypnotics also have been shown me- 
tabolized vitro preparations he- 
patic tissue. 

Excretion. Renal excretion the major 
mechanism for elimination barbiturates 
from the body. Barbital the only member 
the group which owes its long duration 
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action almost entirely its slow rate 
excretion. per cent dose may 
excreted unaltered the dog 
the renal clearance barbital about 
one-tenth glomerular filtration rate. This 
absorption the tubules free acid 
simultaneously determined urea and barbi- 
tal clearances have been stated exhibit 
barbital have been found range from 
ml. per minute individuals with 
varying degrees kidney insufficiency. 
This approximately 0.03 0.3 the aver- 
age value for glomerular filtration rate. 
Phenobarbital, diallylbarbituric acid, and 
aprobarbital are excreted unaltered 
form the extent per cent the to- 
tal administered dose. Only small amounts 
the other barbiturates find their way 
into the urine without undergoing chemical 
changes. Renal clearance rates for pheno- 
barbital and aprobarbital, like barbital, are 
very low. Values reported for phenobarbi- 
tal are 0.7 and ml. per 
minute, and aprobarbital cleared the 
compounds, like barbital, can detected 
the urine for several days after adminis- 
tration single dose. The different 
values reported for clearance phenobar- 
bital could due the 
nounced influence urinary flow and 
its rate excretion. Clearance increases 
with increase urine flow and, any 
given rate urine flow, the clearance 
much higher when the urine alkaline 
drug reabsorbed passive back diffu- 
sion and the renal tubules are permeable 
the undissociated but not the ionic form, 
these observations become understandable. 
administration alkali patients 
acutely intoxicated with phenobarbital, the 
rate excretion the drug has been en- 
other than the renal route relatively un- 
important. Small amounts may found 
the and traces find their way into 
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the feces and perspiration. experimenta 
animals, they also have been detected 
hair much month after administra 
tion. 

Excretion the bromide ion proceed. 
the same routes the chloride ion 
renal elimination being the most important. 
Its slow excretion this channel at- 
tested the fact that traces bromide 
can detected the urine long 
days after single dose. Renal elimination 
bromide somewhat slower than that 
chloride. The experiments Wolf and 
the dog suggest that the total 
halide reabsorbed, rather than chloride 
bromide separately, related the water 
reabsorbed. They believe the ratio bro- 
mide chloride reabsorbed determined 
the ratio bromide chloride filtered 
the glomerulus and exceeds except 
when there almost complete reabsorption 
the two ions. The fraction bromide 
reabsorbed function the fraction 
chloride reabsorbed, the absolute amount 
chloride reabsorbed, and the amount 
bromide filtered. Rate excretion bro- 
mides enhanced administration so- 
dium chloride and stated further 
increased ammonium Other 
indicate the mercurial diuretics 
enhance the effectiveness chloride ad- 
ministration but that ammonium chloride 
less effective than sodium chloride. 
the dog, one-fifth ingested 
dose inorganic bromide will ex- 
creted the feces after prolonged admin- 
istration bromide The presence 
hydrobromic acid has been demon- 
strated the gastric secretions individ- 
concentration bromide may exceed that 
blood. Other channels 
exit for the bromide ion are perspiration, 
tears, milk, saliva, etc. 

The presence the glucuronide tri- 
chloroethanol, 
the urine has been referred 
ously. Chloral hydrate also excreted 
and_ trichloroacetic 
acid. Marshall and found 
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renal clearance trichloroacetic acid 
vary considerably from individual indi- 
vidual, ranging from per day, 
values considerably below those for filtra- 
tion rate. average 4.6 (range 0.5 
per cent dose chloral hydrate 
was recoverable from the urine free 
trichloroethanol. The total trichloroethanol 
excreted varied from per cent 
the dose. Their data indicate that the major 
portion chloral hydrate found the 
urine trichloroacetic acid. Chloral hy- 
drate also has been found 

The excretion paraldehyde the 
pulmonary route common knowledge 
anyone who has associated any way with 
individual who has ingested the drug. 
Most our information elimination 
this hypnotic, however, derives 
periments animals. the pul- 
monary excretion accounts for per 
cent administered dose, and 2.5 per 
cent less excreted way the kid- 
neys. After small dose (100 mg.) 
methylparafynol man, free drug 
detectable the urine, but after larger 
amounts (0.5 Gm.), much 14.2 
per cent excreted unaltered 
McBay and have found both the 
free and conjugated metabolite 
glutarimide) glutethimide the urine 
individuals dying from overdose 
this drug. Kier, Whitehead, and 
state that the rate renal excretion 
glutethimide acute poisoning very 
slow and constant mg. per hour). 
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Clinical pharmacology antiarrhythmic drugs 


Important advances the pharmacology and clinical use antiarrhythmic drugs have 


resulted recently from improved methods diagnosis, from increased knowledge alterations 
cardiac metabolism and the effect electrolyte disturbance arrhythmias, and from 


increased knowledge the pharmacology old and new antiarrhythmic drugs. 


These are discussed detail. 


Samuel Bellet, M.D.* Philadelphia, Pa. 
Division Cardiology, Philadelphia General Hospital 


The drug therapy cardiac arrhythmias 
complicated many factors: (1) There 
are many types arrhythmias, ranging 
from those caused disturbances the 
atrium, the A-V node, and the bundle 
His those that arise the ventricle; 
the response therapy varies considerably, 
depending the site the ectopic focus. 
addition, more than one disturbance 
cardiac rhythm may 
ously. (2) The underlying 
widely—infection, degenerative states, con- 
gestive failure, anoxia, electrolyte imbal- 
ance, purely functional conditions; often 
combination factors operative. (3) 
Some antiarrhythmic drugs exert more than 
one action. 

Although the number drugs available 
increased over the years, the list de- 
pendable preparations relatively 
small. general way, drugs can influence 
the cardiac rhythm increasing the sym- 
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pathetic activity the heart (sympatho- 
mimetics), reducing (sympathetic 
blockade), increasing parasympathetic 
activity (parasympathomimetics), 
decreasing (parasympathetic block). 
Some drugs exert two types actions: (1) 
decreased sympathetic 
thetic activity (ganglion block) and (2) 
increased sympathetic and parasympathetic 
activity (some sympathomimetic drugs, 
e.g., Other drugs have 
effect that independent cardiac inner- 
vation (electrolytes, alkalinizing agents), 
and still others have both direct action 
the heart muscle and some action the 
parasympathetic innervation (quinidine, 
procaine amide, 

This article will group drugs according 
their primary antiarrhythmic action, and 
each drug will discussed terms 
mechanism action, administration, dos- 
age, and untoward and toxic effects. 


Sympathomimetic drugs that increase 
cardiac rhythmicity 


From the standpoint effect cardiac 
rhythm, sympathomimetic drugs increase 
cardiac rhythmicity. However, these agents 
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may also decrease rhythmicity through 
vagal reflex. 

Epinephrine. This 
amine indicated for 
maker activity and for vasopressor effect 
the following conditions: periods car- 
diac arrest, episodes marked slowing 
heart rate, especially accompanied 
hypotensive states, Stokes-Adams seizures, 
and cardiac complications anesthesia 
and surgical procedure. With the develop- 
ment acidosis, epinephrine 
sympathomimetic drugs exert less vasopres- 
sor action and have effect 
cardiac rhythmicity. This may occur dur- 
ing anoxia and shocklike states incident 
episodes cardiac arrest. Reduction aci- 
dosis restoration acid-base balance 
reverses these 

sympathomimetic amines atrial muscle 
much less dramatic than pacemaker 
tissues. The effect epinephrine the 
action potential atria not often impres- 
but its effect ventricular muscle 
noteworthy. increase epinephrine 
dosage sufficient increase frequency 
contraction will also shorten the, duration 
the action potential. This the cause 
ventricular fibrillation which sometimes 
complicates the administration epineph- 

Subcutaneous injection epinephrine 
causes rise pulse rate, systolic blood 
pressure, and cardiac output and reduc- 
tion diastolic pressure 
sulting from vasodilatation. Epinephrine 
also directly increases 
bility, shortens the refractory period 
atrial muscle, and accelerates atrioventric- 
ular conduction. Coronary blood flow in- 
creased, but the expense increased 
cardiac work. 

Administration. During the cardiac arrest 
Stokes-Adams seizures (or 
with other epinephrine 
may administered intracardiac injec- 
tion (0.25 ml. 1:1,000 solution). 
maintain adequate heart rate (30 
beats per and prevent further 


and 


seizures (particularly during 

hypotension shock), 0.2 0.3 ml. 
1:1,000 solution (diluted tenfold) 
nephrine should given intravenously 
slow drip under close Intr. 
venous injection epinephrine should 
avoided, however, when subcutaneous 
intramuscular injection sufficient. When 
the indications are less urgent, 
may given doses 0.2 0.3 
may given 1:500 solution oil 
(1.0 ml. intramuscularly 

The effect subcutaneous injections 
0.25 1.00 ml. 1:1,000 solution 
epinephrine has been studied patients 
with complete heart block during and 
rectly related the rate 
fore the injection; high initial rates are fol- 
lowed little gain rate, slow 
rates pronounced acceleration. Usually 
0.25 ml. epinephrine (1:1,000) will pro- 
duce much acceleration much larger 
general rule, the peak reaction the atria 
develops before the ventricles have com- 
pleted acceleration. Cardiac acceleration 
persists after the blood pressure 
turned its previous level. Occasionally, 
epinephrine may temporarily restore sinus 
pacemaker. 

The effect sympathomimetic amines 
was studied patients with Stokes- 
Adams seizures during complete absence 
ventricular Excitation ven- 
tricular pacemakers under 
stances was used the criterion efficacy 
the drugs. Epinephrine administered in- 
travenously very effective initiating, 
maintaining, and accelerating idioven- 
tricular pacemaker during induced Stokes- 
Adams seizures. 

Infusion epinephrine may also 
tate ventricular flutter fibrillation. 
most important, since the underlying dis- 
turbance may the prefibrillatory type 
ventricular tachycardia ventricular 


7 
7 


fibrillation (not cardiac 
hich may reversible and 
recovery, whereas epinephrine 
this time may precipitate 
Untoward and toxic effects. Epinephrine 
induce irreversible ventricular tachy- 
ventricular fibrillation. Constant 
monitoring during in- 
therefore mandatory. Cerebrovas- 
accidents and coronary occlusion 
following the intravenous 
aiid subcutaneous injections epinephrine. 
gener epinephrine which the 
group attached the nitrogen is-replaced 
isopropyl group. This change de- 
creases the excitatory sympathomimetic ac- 
tivity isoproterenol (on smooth 
and increases its inhibitory action, 
vasodilatation Un- 
like epinephrine, therefore, isoproterenol 
has vasoconstrictor action, but exerts 
direct action the myocardium. 
Isoproterenol useful for increasing car- 
diac rhythmicity during Stokes-Adams seiz- 
increased the rhythmicity the ventric- 
ular pacemaker and restored adequate car- 
diac output, even though infused during 
Stokes-Adams seizures with numerous ven- 
tricular extrasystoles ventricular flutter 
tivity isoproterenol decreases the pres- 
ence acidosis, the case with epi- 
nephrine, but this change reversible. 
Mechanism action. The action iso- 
proterenol the heart resembles that 
epinephrine, but its positive chronotropic 
and inotropic actions are more marked. 
differs from epinephrine that its activity 
largely restricted the higher cardiac 
pacemakers (sinus and A-V nodes). 
about times potent epinephrine 
stimulating 
fibrillation, particularly the presence 
previous cardiac damage. 


Antiarrhythmic drugs 


conditions, isoproterenol does not usually 
produce this arrhythmia. increases the 
ventricular rate bradycardia and may 
stimulate the ventricle take over during 
episodes asystole. may also restore 
pacemaker activity during Stokes-Adams 
seizures, even the presence transient 
periods ventricular tachycardia ven- 
tricular fibrillation. Greater 
these respects and the absence pressor 
action generally make isoproterenol pref- 
erable epinephrine the therapy and 
prevention cardiac arrhythmias and car- 
diac standstill. 

Administration. The drug may admin- 
mg. every hours; subcutaneously, 
0.2 mg. every hours; intravenously 
continuous infusion mg. isoprotere- 
nol dissolved 200 ml. per cent glu- 

Untoward and toxic effects. Few unto- 
ward effects are observed with sublingual 
administration. However, isoproterenol 
should infused with caution acute 
coronary occlusion heart failure. pa- 
tients with heart disease, may induce 
ventricular tachycardia ventricular fibril- 
lation times although such occurrence 
much less likely than with epinephrine. 


Other undesirable effects include 


headache, nervousness, tremor, dizziness, 
precordial anginal pain, weakness, and 
sweating. 

Ephedrine. Ephedrine indicated for 
diac rhythmicity. value prevent- 
ing the Stokes-Adams seizures which may 
occur with cardioinhibition the carotid 
sinus syndrome well seizures asso- 
ciated with complete 
Ephedrine may also helpful for preven- 
tion the episodes hypotension which 
are associated with these attacks. 

Mechanism action. Ephedrine raises 
the blood pressure, stimulates the heart 
muscle, accelerates the heart rate, and in- 
creases the metabolic rate. 
epinephrine, the onset the pressor re- 
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sponse slower and the resultant vaso- 
pressor effect much more sustained. 

Administration. Ephedrine 
five times per day. often combined 
with sedatives which counteract the nerv- 
ous symptoms produced it. Ephedrine 
may also administered intramuscular 
injection doses similar those used 
orally. 

Untoward and toxic effects. The unto- 
ward effects ephedrine are nervousness, 
insomnia, tremulousness, vertigo, headache, 
tachycardia, palpitation, sweating, and 
sensation warmth. There may diffi- 
culty urination because spasm the 
vesical sphincter. 


Vagolytic drugs that increase cardiac 
rhythmicity 


Increase cardiac rhythmicity may 
anticipated after block parasympathetic 
innervation the heart. This clinically 
established for two vagolytic drugs (atro- 
pine and methantheline), but all other 
parasympathetic blocking agents (at least 
twenty others) should also effective. 

Atropine. This alkaloid indicated when 
increased vagal tone factor the pro- 
duction arrhythmias. This includes sinus 
slowing, partial A-V block, slow A-V nodal 
rhythm, and other cardiac mechanisms as- 
sociated with slow heart rates. Atropine 
also effective syncope caused cardio- 
inhibition the carotid sinus syndrome. 
Atropine not used very often for these 
conditions, however, because its untoward 
effects are troublesome and vagal action 
may play only minor part the produc- 
tion slow heart rates. Often cardiac slow- 
ing the result direct depression 
the S-A node, A-V node, other pacemak- 
ers anoxia, alterations acid-base bal- 
ance, and toxic degenerative states, and 
these are not corrected atropine. 

Mechanism action. The fundamental 
action atropine block vagal nerve 
endings and diminution vagal tone. The 
refractory period the A-V node short- 
ened, and the atrial refractory period and 


and 


conduction time are prolonged. There 
three distinct phases atropine action 
the These include initial 
tonic effect, transient period vagal 
balance different levels the conduc- 
tion system, and final prolonged 
parasympathetic block. The duration 
these phases depends the dose 
method administration—oral, 
ous, intravenous. 

Administration. The dose atropine 
cutaneously, intravenously. 

Untoward and toxic effects. Toxic (and 
large therapeutic) doses 
atropine may cause transient episodes 
A-V heart block and A-V nodal rhythm; 
these effects are not particularly 
Untoward effects include dryness the 
mouth, palpitation, blurring near vision, 
restlessness, dry and hot skin, 
turbed speech; with increased grades 
toxicity, these symptoms are more marked 
and there are rapid, weak pulse, marked 
pupillary dilatation, hallucinations, delir- 
ium, coma, and eventually death. 

Methantheline. The indications for the 
use methantheline* are the same for 
atropine. has advantages over atropine 
longer duration action and fewer un- 
toward effects equally doses. 

action. Methantheline 
exerts atropine-like After in- 
travenous injection, there tachycardia 
within minute, apparently 
vagal paralysis. 

Administration. The usual route ad- 
ministration oral. The average dose for 
gastroenterologic use 100 mg. every 
hours, but for cardiac arrhythmias, larger 
doses are often necessary obtain the de- 
sired effect. 

Untoward and toxic effects. 
clude dry mouth, blurred vision, epigastric 
fullness, pyrosis, difficulty 
urinary retention, decreased libido, and 
constipation. Central nervous symptoms, 
such restlessness, euphoria, and fatigue, 


| 


umber 


ppear some patients. The drug con- 
aindicated patients with cicatricial 
uodenal stenosis, achalasia, cardiospasm, 
pyloric obstruction, and coronary 
nsufficiency. Neostigmine counteracts most 
the untoward effects. 


Alkalinizing agents that increase cardiac 
rhythmicity 


addition the sympathomimetic and 
vagolytic drugs, alkalinizing agents are 
often effective increasing cardiac rhyth- 
micity. Among the more important mem- 
bers this group are 
which may used molar half molar 
solution, and sodium 1883 
Ringer observed the isolated perfused 
heart that when ventricle had lost con- 
tractility, could restored short 
time adding sodium bicarbonate the 
saline Sodium bicarbonate acted 
means its alkalinity, because the addi- 
tion calcium hydrate ammonium 
carbonate produced the same result. The 
effect sodium bicarbonate was neu- 
tralize the acid reaction produced 
the metabolic processes 
traction. 

Sodium lactate. Molar sodium lactate 
most effective the treatment slow 
heart rates caused associated with 
Stokes-Adams seizures, during anesthesia 
and surgical procedure, and states ac- 

Mechanism action. Molar sodium lac- 
tate appears exert its effect one 
more the following: (1) decrease 
acidosis the production alkalosis, (2) 
vagolytic effect, and (4) specific effect 
the lactate ion. Because its action 
based principle different from that 
the and sympathomimetic drugs, 
sodium lactate may supplement the 
use these agents. 

potassium intoxication, 100 ml. 
sodium lactate may administered 
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intravenous infusion the rate ap- 
proximately drops per minute; the 
total amount given dependent the 
effects patients with early 
electrocardiographic evidence 
potassemia, intravenous infusion may 
given the rate drops per 
minute until the desired effects are ob- 
served. 

Since molar sodium lactate has rela- 
tively short effect (about hours), 
indicated the Stokes-Adams syndrome 
only there are frequent, repeated epi- 
sodes or, perhaps, the precise time 
the attack. For repeated Stokes-Adams at- 
tacks, the production state mild 
alkalosis with low normal serum potas- 
sium level (about 3.5 mEq. per liter) 
desirable and effective prophylactic meas- 
ure. This may accomplished the oral 
administration molar sodium lactate 
ml. doses four times per day addition 
low potassium diet. For multiple 
Stokes-Adams attacks, ml. may 
given intravenously minutes dur- 
ing the attack; this may followed 
intravenous infusion the rate 
150 drops per minute. the ventricular 
rate increases, the rate infusion should 
slowed; and when the pacemaker main- 
tains satisfactory rate and there are 
episodes cardiac arrest, infusion should 
stopped. cardiac arrest during surgi- 
cal operation, when contractions are slow 
but effective manual compression main- 
tains adequate circulation, molar sodium 
lactate may given intravenously the 
rate 100 200 drops per minute 
ml. per minute). However, manual 
compression ineffective the initial in- 
travenous dose molar sodium lactate 
ineffective, ml. may given 
slowly directly into the right ventricle 
the rate approximately ml. per minute 
while manual compression continued. 

Untoward and toxic effects. 
dium lactate contraindicated the pres- 
ence alkalosis. Because its osmotic 
effect, increases the circulating blood vol- 
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ume. This and other aspects its action 
tend increase cardiac work. should, 
therefore, used with caution patients 
with severe myocardial damage, particu- 
larly incipient heart failure. the initial 
stages, the effects infusion should 
monitored the electrocardiograph, since 
may produce ectopic beats, increase 
their number already present, precipi- 
tate rapid ectopic rhythm. 

Barium chloride. Barium chloride was 
used the past increase cardiac rhyth- 
micity the presence complete A-V 
block and Stokes-Adams in- 
creases both the force contraction and 
the excitability the myocardium. How- 
ever, since barium chloride toxic heart 
muscle and may induce extrasystoles and 
even ventricular tachycardia, its use has 
been virtually abandoned. 


Sympathomimetic drugs that secondarily 
decrease cardiac rhythmicity 


The systemic pressor action some 
sympathomimetic 
cardiac slowing. The rise blood pressure 
stimulates the baroreceptors the aortic 
arch and carotid sinuses which turn in- 
crease vagal tone. This often terminates 
premature beats and tachycardia supra- 
ventricular origin. Four drugs have been 
used for this purpose: norepinephrine, 
methoxamine, mephentermine, 
ylephrine. From practical standpoint, the 
general features phenylephrine, used 
induce reflex slowing, are similar 
methoxamine and will not discussed 
detail. 

Norepinephrine. McGinn and 
well others, have found that those 
cases which causes reversion normal 
rhythm, 
usually acts elevating the blood pres- 
sure. 

Mechanism action. Vasoconstriction 
induced this drug appears most 
important inducing the systemic pressor 
action. The vasoconstriction selective 
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that the coronary and cerebral vessels 
spared are weakly responsive. Recepto:s 
the aorta and carotid sinus are 
lated the elevation blood 
thus inducing reflex stimulation 
vagus. 

There also evidence that suggests the 
decrease cardiac excitability after 
epinephrine may not entirely reflex 
nature, since has been noted that these 
vasopressor drugs are also effective man 
after the administration atropine and 
the laboratory animal after section the 
vagi complete denervation the 
Vasopressor drugs which abolish arrhyth- 
mias may also cause serious arrhythmias 
the blood pressure raised too high, and 
they are less effective ineffective anti- 
arrhythmic agents the blood low- 
the presence acidosis, there- 
fore, also important administer 
alkalinizing agents. 

Administration. Norepinephrine 
nous infusion; ml. the commercially 
available solution diluted 1,000 ml. 
with per cent dextrose 0.9 per cent 
sodium chloride solution final concen- 
tration norepinephrine base per 
ml. After the cardiovascular response 
body weight has been observed, the 
infusion rate adjusted obtain the de- 
sired pressor response (120 160 mm. 
Hg) quickly possible. Normally, in- 
minute (0.5 ml. per minute) ade- 
quate. The blood pressure usually returns 
cessation the infusion; thus, the pressor 
response the drug can readily con- 
trolled. When sinus rhythm restored, the 
infusion should slowed terminated 

Untoward and toxic effects. 
rine sometimes produces transient 
lar fibrillation. However, extensive 
myocardial damage, relatively 
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yperthyroid patients may particularly 
nsitive this agent. 
Methoxamine. has di- 
cardiac stimulating action but induces 
reflex vagal activity. The rise 
terial pressure brought about the con- 
sirictor action systemic vessels activates 
baroreceptors the carotid sinuses and 
aortic arch.* some instances, the drug 
has been used successfully abolish atrial 
should used with cau- 
tion myocardial shock, since reduces 
cardiac output the anesthetized 
well coronary blood flow and force 
myocardial contraction. may adminis- 
but preferable inject intramuscu- 
Mephentermine. differs 
from all other sympathomimetic drugs 
that can stop prevent some experi- 
mentally induced arrhythmias. Some clini- 
show that mephentermine 
also effective man. Intravenous injec- 
mg. followed immediately infu- 
sion 600 mg. 500 ml. per cent 
dextrose water produces 
rise blood pressure. Pressor effects last 
minutes after intravenous injection. 


D 


Parasympathomimetic drugs that reduce 
cardiac rhythmicity 


more immediate way increase vagal 
tone administer drugs which directly 
stimulate the parasympathetic nervous sys- 
tem. However, emetics also induce second- 
ary parasympathetic For example, 
ipecac usually causes vomiting within 
minutes, and cessation tachycardia 
results large proportion cases. 
mentioned, however, that cholin- 
drugs well intense vagal stim- 
may sometimes induce atrial fibril- 

Neostigmine. the drug 
choice for stimulating parasympathetic 


Prostigmin. 
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activity. has been used successfully 
paroxysmal supraventricular tachycardia 
vagal stimulation induced carotid sinus 
pressure. Neostigmine has been 
cessfully prevent the onset atrial 
fibrillation well for its treatment 
during surgical operation the mitral 
valve. the postural type paroxysmal 
tachycardia, the drug may also value 
counteracting sympathetic overactivity 
which develops assuming the upright 

Administration. The dosage schedule 
0.25 0.5 mg. every hours. atrial 
paroxysmal tachycardia, the drug 
set action about minutes, reach- 
hours. may also administered intra- 
venously, but this should rarely done 
because its toxic effects. 

Untoward and toxic effects. The toxic 
effects neostigmine, used the doses 
described above, are relatively slight and 
include muscular twitching 
Other reported evidence 
toxicity, e.g., visual difficulties, curare ef- 
fect, paralysis, weakness, and shocklike 
state, have not been observed us. 

Methacholine. Methacholine® power- 
ful parasympathetic stimulant and effec- 
tive for treatment atrial 

Administration. Methacholine usually 
administered subcutaneously dose 
2.5 mg., average about mg. Its 
effect becomes manifest minutes. 
Because the marked hypotension that 
follows its administration, the patient 
should recumbent position. Before 
the injection, syringe filled with 0.5 
mg. atropine should ready for imme- 
diate intravenous administration coun- 
teract undesirable effects. 

Untoward and toxic effects. These are 
relatively frequent and occasionally serious. 
The minor ones consist flushing the 
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face, hyperpnea, nausea, vomiting, and 
sweating. The most serious effect 
mm. Hg. older patients and those 
with coronary arteriosclerosis, serious com- 
plications may occur and occasional deaths 
have been reported. Prefibrillatory types 
ventricular tachycardia and other aberrant 
ventricular complexes have been noted dur- 
ing the transitional period 
tachycardia normal sinus rhythm. Be- 
cause the frequent untoward effects and 
since safer methods are available, neither 
methacholine nor acetylcholine, which acts 
similar manner, should used 
arrhythmias. 


Digitalis glycosides 


Digitalis belongs separate class be- 
cause its antiarrhythmic action unique 
that the interference with conduction 
the A-V node the outcome vagal 
effect resulting from the action the 
heart increase the force myocardial 
contraction, well direct depressant 
action the conducting mechanism. 

The most important indication atrial 
fibrillation. The ventricular rate 
arrhythmia can decreased dependably 
digitalis. the treatment atrial flut- 
ter, digitalis the drug choice since 

action. Digitalis exerts 
two effects: (1) direct depression con- 
duction and (2) reflex effects. The com- 
bination these effects seen its action 
atrial muscle, but since vagal fibers 
are present the human ventricle, the 
ventricular effects are usually considered 
the result direct action alone. The 
reflex effects cause slowing the heart and 
increase atrioventricular conduction time 
(or P-R interval). addition, digitalis 
exerts direct effect the A-V node not 
inhibited atropine which increases the 
refractory period and prevents the rapid 
transmission atrial impulses. 

Untoward and toxic effects. One the 
commonest causes arrhythmias digi- 
talis toxicity, which can appear almost 


any type arrhythmia originating 
atria, the ventricles, the 
conducting system, the Purkinje 
Many circumstances are 
this: the widespread use digitalis 
cardiac patients (often advanced 
disease the frequent association 
degrees electrolyte imbalance, and tlie 
difficulty gauging the maintenance dose, 
especially long-term therapy. Prophy- 
lactic measures prevent digitalis toxicity 
involve cautious administration patients 
with advanced heart disease, especially 
the older age group, frequent observation 
the patient (with electrocardiographic 
control), and examination for electrolyte 
imbalance, particularly during 
therapy. Hypopotassemia 
tivity digitalis. 

The treatment digitalis toxicity 
more difficult than its prevention. Therapy 
depends the type and severity the 
manifestations. the presence minor 
arrhythmias, e.g., partial A-V heart block, 
tion, discontinuation digitalis will usu- 
ally suffice. the presence more serious 
arrhythmias, such tachycardia 
with block, nonparoxysmal 
cardia, ventricular tachycardia, 
types rapid ventricular rates, one should 
discontinue digitalis, determine the elec- 
trolyte pattern, and attempt 
any imbalance observed. When serum po- 
tassium low normal, infusion po- 
tassium may given provided 
done with electrocardiographic monitoring. 
However, electrolyte determinations 
are available, procaine amide quinidine 


Quinidine and other drugs that decrease 
cardiac excitability 


The feature this class drugs direct 
action the heart muscle. Unlike digitalis, 
these drugs cause depression all 
cardial functions. 

Quinidine. Quinidine effective tle 
therapy and prophylaxis variety 
ectopic rhythms. indicated the 


5 
7 
| 


ent premature contractions (atrial, 

odal, and paroxysmal atrial 
nodal tachycardia, atrial flut- 

atrial fibrillation, and ventricular tachy- 

eases the refractory period heart mus- 

direct effect, thereby decreasing 

excitability; also slows con- 
The action quinidine closely 
parallels its plasma concentration. fall 
arterial blood pressure occurs the plasma 
level increases. 

man, quinidine produces protein 
anabolic and pronounced changes 
carbohydrate These are 
manifested inhibition glucose utiliza- 
tion shown impaired glucose toler- 
ance curve. myocardial slices and tissue 
homogenates, quinidine was found (1) 
depress oxygen (2) inhibit ana- 
erobic glycolysis, (3) impair the oxidation 
glucose pyruvate, citrate, fumarate, 
malate, and and (4) de- 
crease adenosine triphosphatase activity 
inhibiting bond This depres- 
sion oxidative metabolism 
partially responsible for the pharmacologic 
effect 

The electrophysiology quinidine 
interest. very low concentrations, quini- 
dine has two important effects Purkinje 
fibers: (1) reduces the slope the 
action potential fibers which depolar- 
epinephrine low calcium level and (2) 
prolongs the refractory period both 
Purkinje fibers and papillary 
These actions not cause de- 
pression resting potential. toxic doses, 
quinidine may induce all the above. Quini- 
dine resembles cocaine altering the rela- 
tion between membrane potential and the 
potential and the ability the cell 
increase sodium permeability. Thus, 
given degree repolarization, there less 
recovery from inactivation the quinidine- 
treated fiber than the normal fiber. 

quinidine causes increasing elevation 
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intracellular potassium which not totally 
compensated sodium loss, thus suggest- 
ing net increase intracellular ionic 
Potassium, but not sodium, 
transcellular exchange increased roughly 
proportion quinidine dosage. These 
apparently paradoxical findings are com- 
patible with the views that (1) quinidine 
action the heart results from increased 
mitrochondrial membrane permeability 
which allows release energy systems and 
their action the myocardial cytoplasm 
port and (2) there are separate “pumping” 
mechanisms for sodium and 

Administration. The effect quinidine 
depends not only the plasma level but 
also the effective binding power 
quinidine the heart muscle, the state 
the myocardium, and the underlying cause 
the ectopic rhythm. The presence 
congestive failure, marked nervous tension, 
fever may mitigate against conversion 
arrhythmia. Renal dysfunction may 
also modify dose-response relations. 

maintain adequate plasma level, 
repeated doses quinidine sulfate must 
administered, and since the peak level 
reached about hours, common 
regimen five doses 0.3 0.4 Gm. per 
plasma level per cent the peak 
develops about hours after the last dose. 
For conversion ectopic rhythm, 
advisable use relatively large dose 
quinidine within short time obtain 
effective plasma level. per cent 
cases, conversion occurs plasma levels 
below mg. per After conversion 
normal sinus rhythm, effective plasma 
levels may obtained using the same 
dose quinidine sulfate three four 
times per day. 

The intravenous preparations available 
are quinidine hydrochloride, quinidine lac- 
tate, and quinidine gluconate. The dose 
varies from 0.3 0.8 Gm. dissolved 
100 ml. water saline and adminis- 
tered slowly minutes under elec- 
trocardiographic control. Quinidine lactate 
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(0.65 Gm.) administered similar way 
produces maximal cardiac effect, deter- 
mined changes within min- 
utes. Quinidine gluconate has been found 
doses 0.4 Gm. every hours five 
times, usually produces therapeutic ef- 
fects without toxicity, while single intra- 
muscular dose 0.8 Gm. may provide 
satisfactory plasma level for hours. When 
rapid therapeutic effect desired with 
intramuscular quinidine, should given 
hours. 

Untoward and toxic effects. Quinidine 
protoplasmic poison. Considerable varia- 
tion exists tolerance this drug. Quini- 
dine may cause allergic reactions such 
gastrointestinal disturbances, convulsions, 
and rare instances respiratory failure. 
Information plasma level may useful 
cases toxicity. The therapeutic level 
usually ranges between mg. per 
liter; toxic effects occur higher levels. 
Because the variability plasma levels, 
the electrocardiogram provides 
formation. general, lengthening the 
Q-T interval sign therapeutic 
opposed toxic effect. Depression atrial 
activity may ultimately lead atrial stand- 
still, and widening the QRS complexes 
may precede ventricular flutter fibrilla- 
tion. When accompanied hypotension 
and widened QRS complexes, the toxic 
action the heart may frequently re- 
versed stopping the drug cautious 
administration molar sodium lactate and 
vasopressor agents. Sodium lactate infusion 
leads (1) rapid decrease 
plasma concentration, (2) decrease 
serum potassium, (3) increased energy 
available for heart muscle (lactate effect), 
and (4) increase blood pressure with 
resultant improvement renal function 
and tissue blood flow. 

Chloroquine. Since its 
action similar that quinidine, chlo- 
roquine has occasionally been used 
antifibrillatory agent. Experimental data 
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indicate that the drug may have advantage 

over quinidine that decreases conduc 

tion velocity only slightly and cardiac mus 

cle recovers quickly after being 

There little effect systemic 
pressure and marked depressive 
carbohydrate However, 
chloroquine has been found less de- 
than 

Administration. The initial dose usu- 
ally Gm. per day, which increased 
0.25 Gm. every third day until gastrointes- 
tinal side effects necessitate withdrawal. 
Maintenance doses 0.25 Gm. per 
day have been used for long year 
without noticeable toxic effects. The intra- 
muscular dose mg. every hours. 

Untoward and toxic effects. Toxic effects 
are chiefly gastrointestinal. Large doses 
may cause lichenoid skin mild 
and transient headache, 
visual None the symp- 
toms are serious, and all readily disappear 
when the drug withheld. 

Procaine amide. The indications for pro- 
caine are the same for quinidine: 
extrasystoles and paroxysmal tachycardia 
atrial, nodal, and ventricular origin. 

Mechanism action. The effects pro- 
caine amide are very similar those 
quinidine. exerts marked effect through 
primary myocardial depression and leads 
diminution cardiac output, decrease 
blood flow from the pulmonary vascular 
bed, and fall pulmonary artery pressure. 
Like quinidine, procaine amide increases 
the refractory period the atrium, pro- 
longs conduction, and depresses the vagus; 
also increases the refractory period 
ventricular muscle. the isolated atrium, 
procaine amide depresses the outward flux 
potassium Because the similar- 
ity cardiac effects, likely many the 
actions oxygen uptake and enzymatic 
activity are similar those quinidine. 

Very low levels procaine amide pro- 
long the effective refractory period dog 
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muscle fibers without producing 
change action Procaine 
mide also prolongs the effective refractory 
the Purkinje fibers and papillary 
uscle junctions without marked prolonga- 
ton the action potential. concentra- 
tions known affect Purkinje fibers, pro- 
amide does not cause appreciable 
Administration. Procaine amide may 
administered orally, intramuscularly, in- 
travenously. The oral route 
Intramuscular preferable intravenous 
injection because effective plasma level 
attained within hour and hypo- 
tensive effects are relatively the 
intravenous route essential, the case 
should given conjunction with vaso- 
pressor agents (e.g., the 
first 500 mg. the rate 100 mg. per 
minute. Because the maximum effect 
single injection occurs within minutes, 
subsequent injections should given 
the rate 100 mg. every minutes.* When 
intravenous infusion utilized, the cardiac 
state the patient should monitored 
continuously 
Procaine amide should not used the 
presence complete A-V heart block, even 
though numerous extrasystoles, ventricular 
tachycardia, paroxysms ventricular 
fibrillation are present. Doses sufficient 
control the extrasystoles may also depress 
the normal cardiac pacemaker, thus induc- 
ing ventricular fibrillation cardiac arrest. 
Untoward and toxic effects. Serious toxic 
effects are referable chiefly the cardio- 
vascular system but may also involve the 
central nervous system. Minor reactions 
consist gastrointestinal symptoms; these 
not necessarily indicate discontinuance 
the drug. Anorexia, nausea, and vomiting 
are not infrequently observed 
are receiving large oral doses pro- 
amide who have received for 
period time. Unlike procaine, pro- 
nulation, usually after rapid intravenous 
Although the intramuscular 
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injection procaine amide may lead 
fall blood pressure, less frequent and 
relatively slight compared the fall ob- 
served after intravenous injection. The 
toxic effects procaine amide the heart 
are similar those quinidine and can 
reversed molar sodium lactate and vaso- 
pressor 

Potassium salts. Potassium salts are 
tive terminating ectopic rhythms, such 
atrial, nodal, and ventricular extrasys- 
toles, and the respective tachycardias, 
manner similar quinidine and procaine 
amide. Potassium salts have particular 
advantages over quinidine 
amide except (1) the presence ar- 
rhythmias associated with digitalis toxicity, 
(2) the presence arrhythmias asso- 
ciated with hypopotassemia, and (3) 
the occasional instances in- which the ar- 
rhythmias fail respond quinidine and 
procaine amide. 

Mechanism action. Potassium increases 
the refractory period heart muscle and 
slows conduction. 

Administration. Because the potential 
toxicity potassium, the salts should 
administered with caution, especially the 
presence renal insufficiency 
vanced heart disease. Serum potassium 
level determined before infusion may 
helpful: the presence shock and 
anoxia, the serum potassium level may 
high, thus infusion would dangerous. 
the salts are given acute arrhythmia 
with rapid ventricular rate, continuous 
electrocardiographic monitoring 
datory. toxic effects occur, they may 
fusion molar sodium lactate per 
cent glucose. The oral route not used be- 
cause relatively slow absorption makes 
electrocardiographic monitoring difficult. 

Untoward and toxic effects. Toxic effects 
consist fall blood pressure because 
direct myocardial depression accom- 
panied peripheral vasodilatation. There 
may also depression atrial activity, 
increase the intraventricular conduction 
time, and development slow idioven- 
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tricular rhythm which finally leads car- 
diac standstill.’ 

Antihistamine drugs. has been shown 
experimentally that some 
e.g., and di- 
phenhydramine,f exert effects 
muscle similar those quinidine. Al- 
though extensive trials have yet been 
carried out, scattered reports suggest that 
antihistamines have definite antifibrillatory 
action man. Although they are less ef- 
fective than quinidine controlling supra- 
ventricular tachycardia atrial fibrillation, 
trial justified patients who cannot tol- 
erate quinidine similar drugs. 

Papaverine. Papaverine closely related 
quinidine. large doses, acts like 
quinidine, that is, depresses atrioven- 
tricular conduction and leads A-V block, 
sinus slowing, standstill with A-V nodal 
escape. Papaverine often abolishes extra- 
systoles and paroxysmal ventricular tachy- 
cardia, but inferior quinidine and 
procaine amide and rarely used for anti- 
arrhythmic effect. 


Miscellaneous antiarrhythmic drugs 


Methimazole 
These antithyroid drugs are useful cases 
hyperthyroidism which arrhythmias 
have developed. euthyroid patients with 
frequent persistent experience prema- 
resistant other therapy, the administra- 
tion these drugs may help. They reduce 
sympathetic activity and thereby decrease 
the cardiac response catecholamines. 

Administration. The initial dose pro- 
pylthiouracil hyperthyroidism 300 
400 mg. per day. The maintenance dose 
varies from 300 mg. per day. Methim- 
mg. per day and may later reduced 

Untoward and toxic effects. These drugs 
may cause serum sickness, agranulocytosis, 
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and salivary glands (Mikulicz’s disease 
and hepatocellular jaundice. These rea 
tions can usually detected the stage 

fever and arthralgia, pruritus, before 

they progress more serious forms. There 

higher incidence untoward reac- 

Adrenolytic drugs. Since ectopic rhythms 
frequently result from 
activity, attempts have been 
counteract this action directly. Dihydroer- 
gocornine has occasionally been used re- 
fractory cases paroxysmal atrial tachy- 
cardia. However, they are rarely used for 
this purpose since simpler and more 
tive measures are available and since these 
drugs have caused untoward effects. 

Reserpine. Reserpine has been used 
slow sinus tachycardia, regardless the 
cause, and adjunct the treatment 
certain ectopic tachycardias. The alka- 
loids Rauwolfia slow the heart rate and 
important aspect their action de- 
pletion sympathomimetic amines, espe- 
cially norepinephrine, heart muscle. 
Prompt reversion normal sinus rhythm 
has been observed paroxysmal 
fibrillation, although there effect 
chronic cases. Since reserpine decreases 
blood pressure, should used cautiously 
tendency aggravate this state, its use 
best avoided patients with peptic ulcer. 

Diphenylhydantoin. 


induced ventricular arrhythmias dogs 
have been favorably influenced 
drug. reduces ventricular ectopic activ- 
ity acute myocardial injury induced 
coronary artery and causes rever- 
sion aconitine-produced atrial fibrillation 
normal. Occasionally, has exerted 
favorable effect ectopic rhythms 

Hydroxyzine. has 
been used for its antiarrhythmic effect. 


*Dilantin. 
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Part The spirolactones 


the short period time since the dis- 
covery aldosterone Simpson, Tait, 
and has become apparent that ex- 
cessive production this steroid plays 
important role the pathogenesis sev- 
eral disease states. Hyperaldosteronism may 
result from intrinsic disease the adrenal 
glands (primary aldosteronism) with 
without overproduction other adrenal 
terms incidence, are those disorders 
that involve primarily organs other than 
the adrenal glands but owe some their 
abnormal features secondary excess 
glands. Such secondary aldosteronism 
present most conditions which are asso- 
ciated with pathologic accumulations 
extracellular fluid, such 
congestive cardiac cirrhosis 
proteinemia,* kwashiorkor,* and idiopathic 
been reported essential hyperten- 
but the significance this obser- 
vation not clear. 

primary aldosteronism, adrenalectomy 
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will reverse most all the abnormal 
features, and some diseases associated 
with secondary aldosteronism, the opera- 
tion has been shown abolish greatly 
reduce those features (e.g., edema) which 
result from excessive 
These findings encouraged the 
hope that drug would found which 
would either reduce the adrenal production 
aldosterone antagonize the effects 
excessive amounts this corticoid. Amphe- 
none was the first substance tested for 
ability suppress adrenal cortical produc- 
tion aldosterone and other 
The use amphenone did result re- 
duction ascites patients with cirrho- 
but toxic effects contraindicated 
long-term administration. the past 
years another compound, known SU- 
4885, has been introduced; this drug blocks 
one the enzymatic steps (118-hydrox- 
ylation) concerned normal adrenal ster- 
oidogenesis and this way reduces the 
other 
inary observations indicate that this agent 
potentially useful counteracting the 
manifestations secondary 
The spirolactones the 
features hyperaldosteronism, but 
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SPIRONOLACTONE 
Fig. 


entirely different mechanism which appears 
involve competitive inhibition the ef- 
fects aldosterone. Extensive experimental 
work and clinical use have shown that 
these drugs are effective and frequently 
valuable the treatment conditions as- 
sociated with excessive production aldo- 
sterone. Their pharmacology and clinical 
usefulness will discussed this paper. 


Pharmacology the spirolactones 


Relationship between 
ture and pharmacologic actions. The ster- 
name implies, 5-membered lactone ring 
attached the C-17 position the steroid 
nucleus. The similarity 
tween these compounds and the hemiacetal 
form aldosterone shown Fig. The 
first member this series compounds 
shown biologically active an- 
tagonist the effects aldosterone and 
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desoxycorticosterone acetate (DCA) 
propionic acid lactone 
logic activity was enhanced the 
sponding 19-nor compound 
was reduced changing the 
system 3-hydroxy-5-ene, 
dro, aromatic ring Both 
sion the lactone 6-membered ring 
and introduction double bond C-20 
and C-21 reduced the biologic activity 
the Addition acetylthio- 
group the position resulted com- 
pound (SC-9420) that was found 
active oral parenteral administra- 
tion and was approximately five times 
potent SC-8109 when administered 
the oral SC-9420 has been as- 
signed the generic 
The synthesis many the spirolactones 
has been described Cella, Brown, and 

The spirolactones increase urinary excre- 
tion Nat, and water and reduce the 
excretion (usually), ammonia, titra- 
table acid, and phosphate normal sub- 
Kagawa, Cella, and Van first 
showed that the changes 
dium and potassium are not seen when 
the spirolactones are administered alone 
adrenalectomized rats but become evident 
when the animals are given DCA aldos- 
terone concurrently. Evidence obtained 
dogs and human subjects has adequately 
confirmed the view that the spirolactones 
exercise their characteristic effects only 
the presence the adrenal glands when 
aldosterone, DCA, steroid with similar 

Glomerular filtration rate (GFR) either 
unaffected the administration 
The drugs not change the 
effective renal plasma The reciprocal 
effects the excretion the one 
hand and plus the other 


Aldactone. 
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the natriuretic effect these com- 
ounds mediated through action 
distal tubule. The fact that diuresis in- 
these agents patients with 
dema associated with chloruresis well 
natriuresis, however, indicates that the 
are probably partly mediated in- 
hibition the reabsorption sodium and 
chloride the proximal renal tubule. 
slight increase the free water clearance 
has been observed Wiggins and asso- 
four out five studies, 
Bartter,® but not 

The natriuretic and diuretic actions 
the spirolactones are greatly enhanced 
the concomitant administration chloro- 
might attributable the difference 
the sites action the compounds, the 
spirolactones, like aldosterone, probably 
acting predominantly the distal tubule, 
chlorothiazide mainly the proximal tu- 
found that further po- 
tentiation the diuretic effects, frequently 
significance, resulted from the addition 
methyl prednisolone. not known 
whether not this action the glucocor- 
ticoids results from the increase GFR 
which these substances are known cause 
duction rate. Administration supplemen- 
tary potassium also increases the sodium- 
losing effects the least 
some patients with cirrhosis and ascites. 

has pointed out that the spiro- 
lactones differ from most other diuretic 
agents reducing rather than increasing 
the potassium excretion, effect which 
patient with potassium depletion. 

large doses, SC-8109 has been shown 
exercise DCA-like action the urinary 
ratio adrenalectomized rats. SC- 
has approximately 0.1 0.2 per cent 

the action DCA this 

Effects salivary and fecal electrolytes. 
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This reduction more evident when the 
ratio measured the afternoon few 
hours after the last dose the drug than 
the morning hours after the last 
dose was Slater and asso- 
found that the ratio the 
feces increased patients during treat- 
ment with SC-8109. 

Action aortic contractility. 
the spirolactones that has been observed 
vitro their potentiation the contrac- 
tion strip rabbit aorta immersed 
The spirolactones resemble 
desoxycorticosterone (DOC) other 
steroids this action, equipotent doses 
the substances being DOC:1, SC-5233: 
1.5, SC-8109:8, hydrocortisone:5, aldoster- 
one:7, 
sone: 

Progestational activity. the subcu- 
taneous route administration, SC-8109 
has been shown approximately one- 
half and SC-5233 one-tenth potent 
progesterone inducing 
proliferation the endometrium estro- 
gen-primed immature 
Spironolactone, the other hand, had 
progestational activity when given the 
same animals doses 0.5 and mg. 
subcutaneous SC-8109 ap- 
proximately equipotent with 
testosterone the same assay when both 
substances are given its abil- 
ity reverse the effects DCA 
the urinary Na*/K* ratio rats, 0.25 mg. 
1.8 mg. progesterone.** 

Effects nitrogen balance. Effects 
nitrogen balance are negligible most cir- 
served the occurrence positive nitrogen 
balance patients with cirrhosis and as- 
cites under treatment with SC-8109. This 
effect may the mechanism the strik- 
ing restoration normal muscle mass 
which observed after treatment 
with spironolactone patient with cir- 
rhosis and which Henley, Streeten, and 
described severely cachectic 
female with cirrhosis and ascites during her 
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dramatic general improvement after bilat- 
eral adrenalectomy. The observations seem 
suggest that excessive 
tivity some way contributes the state 
protein depletion and cachexia liver 
disease with ascites. 

Effects adrenal function. The urinary 
17-ketosteroids are but the 
excretion 17-hydroxycorticoids has been 
reported reduced treatment with 
This results from great re- 
duction and sometimes almost complete 
disappearance the conjugated fraction 
the urinary Such 
change might represent effect the 
hepatic metabolism rather than the rate 
adrenocortical production hydrocorti- 
sone. studies the effects the spiro- 
lactones urinary corticoids, impor- 
tant appreciate that the excretory pro- 
ducts spironolactone interfere with the 
determination 17-hydroxycorticoids 
the Porter-Silber with the meas- 
urement the 17-ketosteroids the Zim- 
merman and with the chromato- 
graphic determination aldosterone 
the method Neher and 
When aldosterone secretion rates have been 
determined the isotope dilution tech- 
nique patients receiving spironolac- 
tone when rates excretion aldo- 
sterone have been 
graphically during treatment with SC-8109, 
the results have been inconsistent. Thus, 
the agents have been reported increase, 
decrease, leave unchanged the 
secretion rates the excretion aldoster- 
one patients with primary 
might simply reflect spontaneous day 
day fluctuations aldosterone excretion 
patients with primary 
whom the administered drug had effect 
autonomous secretion aldosterone 
adrenocortical tumor. Where measure- 
ments have been made patients with sec- 
ondary aldosteronism, the results have been 
more consistent, the spirolactones increas- 
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ing aldosterone secretion rates 
SC-8109 accelerates the rise the rate 
secretion aldosterone into the adrenal 
vein rats restricted intake sodium. 
the other hand, SC-8109 
affect the rate secretion aldosterone 
corticosterone into the adrenal vein 
blood rats with nephrosis 
experiments, conceivable that the rates 
aldosterone secretion were maximal 
the nephrotic rats and thus could in- 
creased further treatment with SC- 

Slater and have observed 
paradoxic fall the excretion aldoster- 
cardiac failure during the first days 
treatment with SC-8109. 

adrenal 
regeneration hypertension. Kagawa, Sturte- 
vant, and Van have reported SC- 
5233 will significantly reduce the hyperten- 
sion occurring young rats both during 
treatment with DCA pellets and the 
state “metacorticoid” hypertension, after 
removal these pellets. The hypertension 
which occurs during adrenal regeneration 
tion 

Androgenic and anabolic actions. Kag- 
has found that SC-8109 has andro- 
genic and anabolic activities approximating 
per cent and per cent the cor- 
pionate castrated male rats. such ac- 
tion could shown for spironolactone 
doses mg. daily for days. 

Other pharmacologic properties. Kag- 
studies have shown that SC- 
5233, SC-8109, and spironolactone are all 
devoid demonstrable estrogenic 
and devoid hydrocortisone-like 
the granuloma pouch, resistance 
fection with Coxsackie virus, the 
eral eosinophil count, liver glycogen 
tent. 


mber 


Mode action spirolactones 


Kagawa, Cella, and Van pos- 
that SC-5233 acted competitive 
ihibitor DCA and aldosterone, since 
the spirolactone had demonstrable 
adrenalectomized rats unless DCA 
aldosterone was administered concur- 
(2) equal degrees blocking the 
DCA resulted from similar ratios 
the administered doses DCA and SC- 
5233, and (3) the effects administered 
DCA were blocked increasingly the ra- 
tios SC-5233 DCA were increased, 
while the block was reduced decreasing 
the ratio SC-5233/DCA. This interpretation 
the mechanism action the spirolac- 
findings that the drugs reverse all 
the known actions aldosterone renal 
function, including the effects 
Cl, titratable acidity, phosphate, and am- 
monia excretion and that dogs and hu- 
man beings, rats, the spirolactones 
have detectable action the absence 
the adrenal glands unless mineralocorti- 
coid administered. Further support for 
competitive inhibition aldosterone the 
mode action the spirolactones pro- 
vided observation that the 
drugs produce effects virtually identical 
with those resulting from reduced aldoster- 
one synthesis under the influence the 
118-hydroxylase inhibitor, SU-4885, yet 
not reduce aldosterone production, which, 
the contrary, increased their ad- 
ministration. The observed extrarenal ac- 
tions the spirolactones salivary and 
fecal electrolyte concentrations are those 
would expected from inhibitor 
the effects circulating hormone, al- 
the other hand, there evidence that 
some effects the spirolactones 
‘ult from antagonism circulating aldos- 
one-like hormones, e.g., the effect the 
fraction the urinary 17-hy- 
Moreover, even the impor- 
actions the drug might 
ssibly explained effects which re- 
ired the presence 
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amounts mineralocorticoids acting ap- 
proximately the same the spiro- 
lactones act purely competitive inhibitors 
the reason for the usual observations that 
the increments urinary sodium excretion 
are very similar whether the aldosterone 
secretion rate has been low greatly ele- 
claimed the early publications that the 
spirolactones had significant natriuretic 
effect subjects high sodium 
Conn and found that the extent 
the negativity sodium balance induced 
SC-8109 was approximately equal 
sodium intakes 200, and 475 mEq. per 
day normal subjects. These findings have 
subsequently been largely confirmed 
and Bartter,* who believe none- 
theless that the natriuresis seen during the 
administration spirolactones might still 
result from antagonism the persistent, 
though much reduced, output aldoster- 
one. While these pieces evidence throw 
some doubt the theory that the spiro- 
lactones act competitive inhibition 
endogenous aldosterone, the theory has 
means been disproved, still supported 
wealth strong evidence, and cer- 
tainly serves useful working hypothesis. 


Therapeutic usefulness the 
spirolactones 


General considerations. 

Lag between onset treatment and 
therapeutic response. has been observed 
several that the nat- 
riuresis and the beneficial clinical results 
from therapy with the spirolactones are fre- 
quently slight the first few days treat- 
ment but tend increase with continued 
therapy. These features 
from the changes seen during the adminis- 
tration some the commoner diuretic 
agents present recent use, such 
acetazolamide and the thiazide diuretics, 
which characteristically produce dramatic 
diuresis the first day treatment, with 
diminishing effects the treatment con- 
tinued. Such differences between the ac- 
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tions diuretics make very difficult 
decide, either from the short-term experi- 
ments the pharmacology laboratory 
from acute balance studies man, how 
valuable diuretic agent likely prove 
the long-term clinical management 
edema. The important clinical implication 
the differences that the thiazide drugs 
are likely prove valueless unless diuresis 
starts the first day their administra- 
tion, whereas this not true the spiro- 
lactones, particularly when they are used 
the usual dosage 300 500 mg. daily. 
Thus, even after days treatment spi- 
ronolactone has induced only slight 
moderate increase urinary sodium out- 
put small loss weight low so- 
dium diet, continued treatment will often 
rewarded progressive and clinically 
significant reduction edema. possible 
that the lag between the onset therapy 
and clinical benefit may shortened 
starting treatment with larger doses such 
800 1,200 mg. daily for days, 
but present there little conclusive evi- 
dence confirm this clinical impression. 
If, the other hand, there evidence 
natriuresis weight loss after the ad- 
ministration 800 1,200 mg. spiro- 
nolactone daily for week, reasonable 
conclude that other agents will have 
used addition to, instead of, spiro- 
when spironolactone used for the treat- 
ment hypertension, not even lack 
response the end week sufficient 
indicate that continued use the drug 
will value, since the greatest hypo- 
tensive effects the spirolactones are fre- 
quently seen only after several weeks 

Use adjuvant measures. There now 
abundant evidence that many patients with 
edema who are refractory treatment with 
spironolactone alone chlorothiazide 
alone will undergo very satisfactory diu- 
resis when the two drugs are 
might indulge such polypharmacy, 
there little doubt its practical value 
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these difficult therapeutic problems. 
variety adjuvant measures may 
lactone alone. low sodium diet 
always used, since the chances 
plishing negative sodium balance 
consequent weight loss are enhanced re- 
ducing the sodium Since the 
ministration potassium chloride increases 
the sodium losses induced 
worth while use potassium 
supplements routinely daily doses 
dall’s solution ml. three times daily 
three times daily) with immediately 
after meals. When this done, however, 
always wise measure the serum 
concentration least once twice week, 
since hyperkalemia may result from even 
these small supplements potassium 
patients receiving When 
weight loss patients receiving low 
sodium diet and potassium supplements, 
the addition thiazide diuretic con- 
ventional doses will usually 
one the glucocorticoids such 
sone, prednisolone, 6-methyl predniso- 
lone doses mg. daily will fre- 
quently augment the natriuretic effects 
spironolactone induce satisfactory loss 
edema and The use the 
glucocorticoids particularly advantageous 
patients with hyponatremia whom the 
serum sodium may frequently restored 
Shaldon, McLaren, and have re- 
cently reported that intravenous infusions 
200 Gm. mannitol, given per 
cent solution over hours, 
augmented the natriuresis resulting from 
administration spironolactone and 
rothiazide and resulted loss previously 
refractory, long-standing ascites 
patients. Organic mercurials may 
used with good effect too, 
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‘ents with cirrhosis and resistant ascites, 
clinical trial may necessary 
disclose which the various possible 
drugs results the great- 
diuretic response. 
Use spirolactones specific diseases. 
Cirrhosis with ascites. number au- 
have used the spirolactones with suc- 
the treatment cirrhosis with as- 
cites.” 14, 23, 25, 26, 32-34, 43, 46, 59, 64, 65, 76, 81, 82, 
Spironolactone will frequently bring 
about natriuresis and loss weight with 
complete disappearance ascites and 
edema patients who are refractory 
other diuretic agents. When spironolactone 
alone fails produce significant improve- 
ment, happens not infrequently, its use 
together with potassium supplements and 
thiazide diuretics and/or 
and organic infu- 
will succeed the great majority 
patients previously resistant diuretic 
therapy. Thus, groups patients all re- 
fractory the thiazide mercurial diu- 
retics, administration various combina- 
tions these drugs, always including spiro- 
nolactone and chlorothiazide, induced loss 
all almost all evidence ascites 
McLaren, and and all patients 
some these patients, fluid retention 
tended recur when the treatment was 
stopped, but others,** the spirolactone 
apparently rendered the patients responsive 
small doses chlorothiazide, which have 
sufficed keep them free detectable 
ascites long the follow-up has contin- 
ued, for many months after the treatment 
with spirolactone had been discontinued. 
\lost doubt that spirolactone 
therapy increases the blood ammonia con- 
induces hepatic coma. the 
Clowdus and have re- 
ported improvement the nervous com- 
patients who had evidence 
impending hepatic coma before treat- 
ent with spironolactone was started. 
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Nephrotic syndrome. has been shown 
patients with nephrosis that the spiro- 
lactones are capable increasing urinary 
sodium and water excretion with conse- 
quent weight loss and reduction com- 
Beneficial results have been observed even 
when the nephrotic syndrome 
ciated with histologic evidence mixed 
glomerulotubular nephritis with diabetic 
Mild degrees azotemia 
and hypertension have not prevented good 
diuresis during treatment with the spirolac- 
Considerable reduction the 
endogenous creatinine clearance, levels 
low ml. per minute per 1.73 
sq. M., did not preclude the occurrence 
effective diuresis with spirolactone therapy, 
despite the fact that such treatment usually 
caused further fall the creatinine clear- 
There are, yet, published re- 
ports that enable one compare the effec- 
tiveness spirolactone therapy with glu- 
cocorticoid therapy patients with ne- 
phrotic edema. Neither has the follow-up 
been adequate show whether lasting re- 
missions may induced spironolactone. 
Further studies are needed before can 
decided what place, any, spironolac- 
tone will have the management pa- 
tients with the nephrotic syndrome. 

Congestive heart failure. Patients with 
congestive heart failure have shown vari- 
able response treatment with the spiro- 
lactones. Where uremia has been present 
because concomitant renal disease, SC- 
8109 has been quite Short 
courses therapy with relatively low doses 
have increased urinary output slightly 
However, when the treatment has been pro- 
longed, has usually been found that nat- 
riuresis continued and that gratifying diu- 
Thus, for instance, man years with 
arteriosclerotic heart disease, whom se- 
vere congestive failure was consistently re- 
fractory mercurials and chlorothiazide, 
responded treatment 
was added with loss weight from 240 
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128 pounds and great clinical improve- 
ment over the course Fur- 
thermore, may necessary use larger 
than the usual doses spironolactone 
some patients, such the one reported 
Cejka, Vries, and Borst,* who contin- 
ued gain weight 600 mg. spirono- 
lactone daily but lost weight 1.2 and 2.4 
Gm. daily. Potentiation the diuretic ef- 
fect other agents the spirolactones 
has been observed patients with conges- 
tive cardiac failure, those with cir- 
rhosis and not known whether 
patients with different types heart fail- 
ure would differ their response treat- 
ment with spironolactone, and still far 
too early predict how frequently spiro- 
nolactone will prove useful the 
treatment congestive heart failure. How- 
ever, there already good reason be- 
lieve that spironolactone will valuable 
some patients who respond inadequately 
who are resistant treatment with other 
diuretic agents. such patients spironolac- 
tone should used together with low 
sodium diet and chlorothiazide mer- 
curial diuretic. The dosage necessary would 
depend the observed 
should increased, necessary, 800 
1,200 mg. daily. 

Essential hypertension. has 
shown that significant proportion pa- 
tients with essential hypertension (68 per 
cent his selected series patients 
experienced fall systolic and diastolic 
blood pressure provided treatment with 
spirolactones (alone together with other 
was continued for months. 
The improvement was seen even when so- 
dium intake was unrestricted 
ently was not related the magnitude 
change the plasma extracellular fluid 
volume, was not immediately reversed 
infusing plasma physiologic saline. 
The reduction pressure averaged 21/11 
mm. when spirolactone was used alone 
and ranged from 15/10 55/30 when 
spironolactone was with 
other drugs. Smaller falls blood pressure 
were found with 
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Genest** has pointed out that 
tients with renal hypertension very 
experience fall blood pressure 
nolactone. the present-day 
effective hypotensive drugs, the 
spironolactone the treatment 
tension will difficult assess. 
thiazide some patients, and both Hollan- 
and believe that the spiro- 
lactones may represent advance thie 
treatment arterial hypertension. 

Since therapeutic trial with spironolac- 
tone likely inconclusive unless 
would seem that the use spironolactone 
hypertension will not practical prior 
the discovery some means selecting 
advance patients who are reasonably 
likely respond the drug. 

Primary The weakness, 
hypokalemia, and alkalosis primary al- 
dosteronism are all readily reversed the 
spirolactones, Mattox, and 
have shown and others have 
The patient Conway and 
experienced fall blood pres- 
sure, too, but the relatively poor hypoten- 
sive response some patients with 
(Milne, Muehrcke, and indicates 
that restoration normal blood pressure 
cannot expected result from spirono- 
lactone therapy all these patients. Fur- 
thermore, since the majority patients 
with primary aldosteronism have one 
more adrenocortical adenomata, the long- 
term use spironolactone not likely 
replace adrenalectomy the treatment 
choice this condition. However, spirono- 
lactone may prove value patients 
with primary aldosteronism three cir- 
cumstances. First, its administration may 
useful the diagnosis primary aldos- 
teronism from such conditions 
sium-losing nephritis,” which the hypo- 
kalemia will presumably unaffected 


servations. 


drug. Second, the administration 
doses 800 1,000 mg. 
for several weeks improves the gen- 
condition patients with primary al- 
voiding the anesthetic complications 
have been encountered operating 
And third, spironolactone treat- 
will useful patients who either 
operation cannot operated 
upon for any reason—such patient 
Conway* who needed 
when his heart stopped beating during 
simple cystoscopy few 
was made. This man’s blood pressure has 
been well controlled, electrolytes 
have been maintained within normal limits, 
and his strength has improved greatly 
the months since the treatment with 
spironolactone was started. 

Idiopathic edema. Among patients with 
idiopathic edema, possible distin- 
guish two groups, both which the up- 
right posture appears concerned 
the abnormal retention fluid. the first 
these groups, the patients have severe 
impairment excretion water load 
when the upright posture, impairment 
corrected ethanol and recumbency. 
From the limited studies patients, 
far, appears that they excrete normal, 
high normal, slightly increased amounts 
aldosterone the urine and usually re- 
spond poorly spironolactone administra- 
the second group these pa- 
tients, there abnormal degree re- 
tention sodium and water the upright 
posture and the aldosterone excretion 
this type have been treated with spiro- 
nolactone and all responded with fall 
morning body weight, owing increased 
sodium and water Edema 
greatly reduced, and there was grat- 


vations, 
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the paresthesias, headaches, 
paired powers mental concentration 
which were frequent complaints these 
patients. Their general sense well-being 
improved while spironolactone 
administered and deteriorated when place- 
tablets were substituted. Daily doses 
400 700 mg. spironolactone was usu- 
ally sufficient, but patient was neces- 
sary give much 1.2 Gm. daily 
order elicit satisfactory clinical re- 
sponse. Good results could achieved 
with lower doses chlorothiazide was ad- 
ministered concurrently. The 
mines, particularly dextroamphetamine, 
doses mg. daily reduced the 
degree weight gain during the daytime 
the upright posture extent which 
was statistically significant. While there 
doubt that the mildly affected patients 
are quite satisfactorily treated with inter- 
mittent doses chlorothiazide alone, there 
equally little doubt that this form 
treatment soon loses its effectiveness the 
more severely affected patients. Treatment 
with spironolactone with without dextro- 
amphetamine and chlorothiazide has been 
continued for several months some and 
for over year the more severely 
affected patients, with reduction the 
edema all the patients. dramatic 
response spironolactone patient with 
severe edema encouraged the performance 
subtotal adrenalectomy, and excellent 
results have followed the months 
elapsed since the 

Toxemias pregnancy. The urine pa- 
tients with pre-eclampsia has been shown 
contain great deal aldosterone-like 
However, recent work has 
shown that the output aldosterone 
toxemic patients, while frequently higher 
than that nonpregnant controls, was 
usually lower than pregnant women who 
Moses, Lobotsky, and have shown 
that severe toxemia might occur 
woman previously submitted total adre- 
nalectomy for Cushing’s syndrome who ex- 
creted only small amounts aldosterone, 
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These observations cast considerable doubt 
the earlier view that hyperaldosteronism 
might etiologically related the fluid 
accumulation patients with toxemia. 
is, therefore, not surprising that SC-8109 
even doses high Gm. daily failed 
ameliorate the fluid retention pa- 
tients with toxemia The 
drug failed induce natriuresis the 
toxemic patient whose data have been 
published detail, whereas produced 
brisk increase the urinary sodium ex- 
cretion pregnant woman without tox- 
Refractoriness 
edema therapy with spironolactone (400 
800 mg. daily) has been observed also 
Faloon.* 


Toxic effects the spirolactones 


The toxic effects that have occurred 
patients who receive spirolactone therapy 
have not been serious life threatening. 
Drowsiness was common patients given 


though far less frequently, 
treated with spironolactone. Tenderness 
the breasts has been seen female pa- 
tient receiving spironolactone large doses 
(1.2 Gm. daily), while mild hirsutism oc- 
curred another woman after several 
months treatment with 500 mg. spiro- 
nolactone The only other untoward 
reactions have consisted essentially mani- 
festations compatible with excessive de- 
grees aldosterone antagonism, such 
hyperkalemia, hyponatremia, 
potension, and dizziness. Hyperkalemia 
more likely occur when potassium sup- 
plements are being administered concur- 
rently. The tendency toward hyponatremia 
and postural hypotension may increased 
reduced sodium intake exposure 
the patient high environmental tem- 
peratures, when excessive losses sodium 
and water the sweat probably result 
from antagonism the increased aldoster- 
one activity which normally called forth 


Faloon: Personal communication. 


Streeten: Unpublished observations. 
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under these Hyponatrem 
probably also results from failure 
rate water excretion keep pace 
urinary losses sodium induced 
spironolactone. readily overcome 
reducing the dosage the drug 


ministering 


Place spironolactone the therapy 
edema 


When the general condition the pa- 
tient good and she has mild 
moderate edema readily controlled 
thiazide mercurial diuretic administered 
two three times weekly, there appear 
good reasons use spironolactone 
preference the other diuretics. two 
important circumstances, however, there 
much gained from the use spiro- 
nolactone the treatment edema. First, 
spironolactone usually effective 
tients who have become refractory con- 
tinued treatment with other diuretics. 
contrast many the commoner diuretics, 
spironolactone appears retain 
tency the promotion sodium excretion 
for many months even for years, when 
used either alone combination with 
other diuretics. While its acute natriuretic 
potency not comparable with that the 
thiazide mercurial diuretics, 
has pointed out that there sometimes 
more gained from drug that will 
edema over several weeks than from 
agent that acts more rapidly but loses its 
effectiveness when used daily. 

Second, spironolactone neither increases 
urinary potassium excretion nor decreases 
the serum potassium concentration, most 
other diuretics tend fact, spiro- 
nolactone will even reverse the tendency 
sium depletion and hypokalemia. 
cant degrees potassium deficiency «re 
undeniably deleterious, since they not 
predispose individuals the 
(especially when digitalis preparations 
being administered but also probably 
tribute the weakness, malaise, and 
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debility patients with chronic ill 
The potassium-saving effects 
may account for the fact 
hat improvement strength and sense 

well-being seems more evident 
therapy with this agent than after 
‘he use other diuretics. 

There little doubt that spironolactone 
vill prove useful diuretic agent 
the various types edema described 
and may prove value, too, the 
management hypertension and primary 
aldosteronism. Since the available evidence 
strongly favors the view that competitive 
antagonism aldosterone the main 
mechanism action spironolactone, the 
agent also potentially useful tool the 
experimental and clinical investigation 
the role aldosterone systemic disease. 


Summary 


Pharmacologic activity the steroidal 
spirolactones apparently depends upon the 
presence the 3-oxo-4-ene system ring 
and five-membered lactone ring the 
C-17 position. 

The actions the spirolactones 
urinary excretion Cl, K*, NHs, 
titratable acid, and phosphate, well 
salivary and fecal electrolytes, are the 
reverse those aldosterone and DCA 
and are not seen untreated adrenal in- 
sufficiency. Since the secretion aldo- 
sterone under most circumstances appears 
compounds, probable that many 
their actions result from antagonism 
the effects circulating aldosterone. 

general, there tends lag be- 
the onset therapy with spirolac- 
tones and the diuretic effects. Diuresis 
less profound but more enduring than that 
produced thiazide mercurial diuret- 
ics. When diuresis resulting from spirolac- 
usually initiated greatly aug- 
the additional use low so- 

mercurial diuretics, glucocorti- 
and/or the intravenous infusion 
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mannitol. Various combinations these 
measures will maintain diuresis until edema 
fluid has disappeared the great majority 
patients, even when they have become 
refractory any the measures alone. 

Spironolactone valuable new 
agent for the treatment patients with 
cirrhosis and ascites who have become re- 
sistant the common diuretic regimens. 
effective, too, patients with the ne- 
phrotic syndrome, congestive heart failure, 
essential hypertension, primary aldosteron- 
ism, and the form idiopathic edema that 
associated with 
though its exact place vis-a-vis other drugs 
the treatment these disorders cannot 
yet defined. least deserves thera- 
peutic trial many these patients when 
inadequate response obtained other 
means treatment. The present evidence 
suggests that the agent little 
value the treatment the toxemias 
pregnancy. 

Toxic effects are not serious the de- 
velopment hyperkalemia, hyponatremia, 
postural hypotension promptly recog- 
nized and treated. 

The chief advantages that will proba- 
bly ensure continuing place for the spiro- 
lactones agents with similar properties 
the treatment the conditions listed 
are that these drugs usually maintain nat- 
riuretic potency for many weeks almost 
indefinitely, they have strong potentiating 
action other diuretics which the pa- 
tient may have become refractory, and 
they tend reduce rather than increase 


potassium depletion and hypokalemia. 


References 


Barnes, C., and Buckingham, C.: Elec- 
trolyte balance studies with the antihormones, 
Am. Obst. Gynec. 76:955-966, 1958. 

Barnes, C., and Quilligan, J.: Measure- 
emias pregnancy, Am. Obst. Gynec. 71: 
670-682, 1956. 

Bartter, C.: Bartter, C., editor: The 

clinical use aldosterone antagonists, Spring- 
field, 1960, Charles Thomas, Publisher. 


bo 


| 
€ 
‘a 
- 
4 
7 


10. 


— 


13. 


14, 


15. 


16. 


.370 Streeten 


Bartter, C., G., Pronove, P., 


and Delea, Effect ehanges intra- 
vascular volume aldosterone secretion 
man, Muller, F., and O’Connor, M., 
editors: international symposium aldos- 
terone, Boston, 1958, Little, Brown Co., pp. 
100-110. 


Biglieri, G.: Bartter, C., editor: The 


clinical use aldosterone antagonists, Spring- 
field, 1960, Charles Thomas, Publisher. 


Bohr, F., and Cummings, G.: Comparative 


potentiating action various steroids the 
contraction vascular smooth muscle, Fed. 


Proc. 17:17, 1958. 


Bolte, E., Verdy, M., Marc-Aurele, J., Brouil- 


let, J., Beauregard, P., and Genest, J.: Studies 
new diuretic compounds: Spirolactone and 
chlorothiazide, Canad. 79:881-888, 
1958. 


Cejka, V., Vries, A., and Borst, G.: 


The diuretic effect spirolactone SC-9420 
case secondary aldosteronism, Lancet 
312-314, 1960. 


relationships steroidal spirolactones, 
Moyer, J., and Fuchs, M., editors: Hahnemann 
symposium edema: Mechanisms 
apy, Philadelphia, 1960, Saunders Com- 
pany. 

Cella, Brown, A., and Burtner, R.: 
Steroidal aldosterone blockers, Org. Chem. 
24:743-748, 1959. 

Cella, and Kagawa, M.: Steroidal lac- 
tones, Am. Chem. Soc. 79:4808-4809, 1957. 


Chart, J., and Shipley, S.: Mechanism 


sodium retention cirrhosis the liver, 
Clin. Invest. 32:560, 1953. 

Chart, J., Shipley, G., and Gordon, S.: 
Evidence for sodium-retaining factor tox- 
emia pregnancy, Proc. Soc. Exper. Biol. 
Med. 78:244-246, 1951. 

Clowdus, F., Higgins, A., Rosevear, 
W., and Summerskill, J.: Treatment 
“refractory” ascites with 
antagonist patients with cirrhosis, Proc. Staff 
Meet. Mayo Clin. 35:97-105, 1960. 

Conn, W.: Presidential address. Painting 
background. II. Primary aldosteronism, new 
clinical syndrome, Lab. Clin. Med. 45: 
3-17, 1955. 

Conn, W., Louis, H., Fajans, S., 
Streeten, P., Johnson, D., Moorhouse, 
R., Crane, G., Berker, F., and Rami- 
rez, E.: Metabolic effects normal men and 
primary aldosteronism synthetic “aldos- 
terone antagonist,” Lab. Clin. Med. 52: 
805-806, 1958. 

Conn, W., and Streeten, P.: Periodic 
paralysis, Stanbury, B., Wyngaarden, 
B., and Fredrickson, S., editors: The meta- 


18. 


19. 


30. 


— 


33. 


Clinical 
and 


bolic basis inherited disease, New 
1960, McGraw-Hill Book Company, Inc. 
Coppage, S., Jr., Island, D., Smith, M., aid 
Liddle, W.: Inhibition aldosterone 
hydroxylation, Clin. Invest. 
1959. 

Das Gupta, D., and Giroud, P.: Effect 
aldosterone antagonist the fluid retention 
aminonucleoside nephrosis, Endocrinology 


65:500-503, 1959. 


Davis, O., Howell, S., and Hyatt, 


Sodium excretion adrenalectomized dogs 
with chronic cardiac failure produced pul- 
monary artery constriction, Am. Physiol. 
183:263-268, 1955. 


DeMoor, P., Devis, R., Dubois, J., and Vanek, 


térone cortisone) par 
surrénalienne, Ann. endocrinol. 


1956. 


dans syndrome maladie Cushing, 
Semaine Paris 32:2921-2928, 1956. 


Faloon, W.: Bartter, C., editor: The 


clinical use aldosterone antagonists, Spring- 


field, 1960, Charles Thomas, Publisher. 


Friedberg, K.: Bartter, C., editor: The 


clinical use aldosterone antagonists, Spring- 
field, 1960, Charles Thomas, Publisher. 


Gantt, L.: -in Bartter, C., editor: The 


clinical use aldosterone antagonists, Spring- 
field, 1960, Charles Thomas, Publisher. 


.Gantt, L., and Dyniewicz, M.: Some 


effects 17-spirolactosteroids the edema 
cirrhosis, with observations new spiro- 
lactone derivative, Clin. Res. 7:294, 1959. 


Garlington, N., and Bailey, J.: Primary 


hyperaldosteronism: Anesthetic experience with 
two cases, Anesthesiology 19:661-664, 1958. 


Genest, J.: Bartter, C., editor: The clini- 


cal use aldosterone antagonists, Springfield, 
1960, Charles Thomas, Publisher. 


J., Koiw, E., Nowaczynski, W., and 


Leboeuf, G.: Further studies urinary aldos- 
terone human arterial hypertension, Proc. 
Exper. Biol. Med. 97:676-679, 
Giuseffi, J., Werk, E., Jr., Larson, 
Schiff, L., and Elliott, W.: Effect 
lateral adrenalectomy patient with massive 
ascites and post-necrotic cirrhosis, New 
land Med. 257:796-803, 1957. 

Gornall, G., Gwilliam, C., and Hall, 
D.: Aldosterone excretion various 
states, Clin. Endocrinol. 16:950, 1956. 


Hellman, and Faloon, W.: The 


excretion defect hepatic cirrhosis 
the use steroidal lactone, Lab. 
Clin. Med. 55:872, 1960. 

Henley, S.: Bartter, C., editor: 


‘olume 


wt 


clinical use aldosterone antagonists, Spring- 
field, 1960, Charles Thomas, Publisher. 


S., Streeten, P., and Pollard, 


M.: Hyperaldosteronism liver disease: 
The treatment refractory ascites ad- 
renalectomy and the administration 
spirolactones, Gastroenterology 
1960. 


R., Pittman, A., and Graff, M.: 


Amphenone: Toxicity and effects adrenal 
and thyroid function man, Clin. Endo- 
crinol. 16:705-723, 1956. 


Hertz, R., and Tullner, W.: Progestational 


activity 
Proc. Soc. Exper. Biol. Med. 99:451-452, 
1958. 


Hollander, W.: Bartter, C., editor: The 


clinical use aldosterone antagonists, Spring- 


field, 1960, Charles Thomas, Publisher. 


38. Kagawa, M.: Bartter, C., editor: The 


clinical use aldosterone antagonists, Spring- 


field, 1960, Charles Thomas, Publisher. 


Kagawa, M.: Blocking the renal electrolyte 


effects mineralocorticoids with orally ac- 
tive spirolactone, 
1960. 


.Kagawa, M.: The pharmacology 


aldosterone agents (spirolactones), Moyer, 
and Fuchs, M., Hahnemann sym- 
posium edema: Mechanisms 
Philadelphia, 1960, Saunders Company. 


Kagawa, M., Cella, and Van Arman, 


G.: Action new steroids blocking ef- 
fects aldosterone and desoxycorticosterone 
salt, Science 126:1015-1016, 1957. 


Kagawa, M., Sturtevant, M., and Van 


Arman, G.: Pharmacology new steroid 
that blocks salt activity aldosterone and 
desoxycorticosterone, Pharmacol. Exper. 
Therap. 126:123-130, 1959. 

Read, E., Haslam, M., 
and Sherlock, The use steroidal spiro- 
lactone the treatment ascites hepatic 


cirrhosis, Lancet 2:1084-1087, 1959. 


Kistler, H., Shelley, F., and Frawley, 


Use the aldosterone antagonist, SC-8109, 
diagnostic aid mineralocorticoid excess, 


Clin. Res. 7:254, 1959. 


R., Wolff, P., and Beer, 


L.: Uber bei 
Schwangerschaften und bei Schwangerschafts- 


toxikosen, Klin. Wehnschr. 35:497-502, 1957. 


Kowlessar, D., Clarkson, B., and Sleisenger, 


H.: Use antialdosterone compound for 
fluid retention hepatic disease, Clin. Res. 
37, 1959. 


Kumar, D., Feltham, W., and Gornall, 


G.: Aldosterone excretion and tissue elec- 
trolytes normal pregnancy 


sia, Lancet 1:541-544, 1959. 


48. 


49. 


53. 


60. 


61. 


62. 


63. 


64. 


Symposium: Antimetabolites 371 


Laragh, J.: Bartter, C., editor: The clini- 
cal use aldosterone antagonists, Springfield, 
Ill., 1960, Charles Thomas, Publisher. 

Liddle, W.: Sodium diuresis induced 
steroidal antagonists aldosterone, Science 


126:1016-1018, 1957. 


Liddle, W.: Aldosterone antagonists, A.M. 


Arch. Int. Med. 102:998-1004, 1958. 


Liddle, W.: Bartter, C., editor: The 


clinical use aldosterone antagonists, Spring- 
field, 1960, Charles Thomas, Publisher. 


Liddle, W., Estep, L., Kendall, W., Jr., 


Williams, C., Jr., and Townes, W.: Clin- 
ical application new test pituitary re- 
serve, Clin. Endocrinol. 19:875-894, 1959. 
Luetscher, A., and Johnson, B.: Ob- 
(aldosterone) the urine children and 
adults relation sodium balance and 
edema, Clin. Invest. 33:1441-1446, 1954. 


Luetscher, A., and Lieberman, H.: 


Idiopathic edema with increased aldosterone 
output, Tr. Am. Physicians 70:158-166, 
1957. 


A., Jr., and Lieberman, H.: 


Aldosterone, A.M.A. Arch. Int. Med. 102:314, 
1958. 


S., Fabre, J., Muller, F., and 


Neher, R.: Oedémes par rétention chlorure 
sodium avec hyperaldostéronurie, Schweiz. 
med. Wehnschr. 85:1229-1234, 1955. 


Mach, S., Fabre, Muller, F., Neher, 


R., and Borth, idiopathique par 
avec 
Bull. et. mém. Soc. méd. Paris 19:726- 
732, 1955. 


Mader, J., and Iseri, T.: Spontaneous 


hypopotassemia, hypomagnesemia, alkalosis and 
tetany due hypersecretion corticosterone- 
like mineralocorticoid, Am. Med. 19:976- 
988, 1955. 


Manning, T.: Bartter, C., editor: The 


clinical use aldosterone antagonists, Spring- 
field, 1960, Charles Thomas, Publisher. 
Marson, W.: Total adrenalectomy 


hepatic cirrhosis with ascites; preliminary com- 


munication, Lancet 2:847-848, 1954. 


Martin, D., and Mills, H.: Aldosterone 


excretion normal and toxaemic pregnancies, 
Brit. 2:571-573, 1956. 
McCall, F., and Singer, B.: Studies 
nephrosis: Chemical corticoids, 
factor and effect ACTH, Clin. Endocrinol. 
13:1157-1168, 1953. 

Milne, D., Muehrcke, C., and Aird, I.: 
Primary aldosteronism, Quart. Med. 50:317- 
333, 1957. 

Morrison, S.: Bartter, C., editor: The 
clinical use aldosterone antagonists, Spring- 


field, 1960, Charles Thomas, Publisher. 


372 Streeten 


65. 


66. 


67. 


68. 


69. 


71. 


73. 


79. 


G., and Rigby, B.: 


Singer, B.: 


Morrison, S., and Chalmers, C.: The 
effects aldosterone antagonist decom- 
pensated liver disease, Clin. Res. 6:300-301, 
1958. 

Morrison, and Chalmers, C.: Com- 
bined diuretic and steroid therapy cirrhosis 
with ascites, Clin. Res. 7:37, 1959. 

Moses, M., Lobotsky, J., and Lloyd, W.: 
The occurrence pre-eclampsia 
ally adrenalectomized woman, Clin. Endo- 
crinol. 19:987-994, 1959. 

Newman, V.: Bartter, C., editor: The 
clinical use aldosterone antagonists, Spring- 
field, 1960, Charles Thomas, Publisher. 
Peterson, Bartter, C., editor: The 
clinical use aldosterone antagonists, Spring- 
field, 1960, Charles Thomas, Publisher. 


Renold, E., Crabbé, J., Hernando-Avendano, 


L., Nelson, H., Ross, Emerson, K., Jr., 
and Thorn, W.: Inhibition aldosterone 
secretion amphenone man, New England 
Med. 256:16-21, 1957. 

Richard, J.: Bartter, C., The 
clinical use aldosterone antagonists, Spring- 
field, 1960, Charles Thomas, Publisher. 
Function 
aldosterone the metabolism sodium and 
water pregnancy, Brit. 2:966-969, 
1957. 

Ross, J., and Bethune, E.: Antagonism 
between the effect aldosterone and syn- 
thetic steroid lactone the renal excretion 
sodium and potassium man, Lancet 1:127- 
129, 1959. 

Ross, J., Crabbé, J., Renold, E., Emer- 
son, K., and Thorn, W.: case 
massive edema association with aldoster- 
one-secreting adrenocortical adenoma, Am. 


Med. 25:278-292, 1958. 


Salassa, M., Mattox, R., and Power, 


H.: Effect aldosterone antagonist 
aldosteronism, Clin. Endocrinol. 18:787-789, 
1958. 


Resistant ascites treated combined diuretic 
therapy (spironolactone, mannitol 
thiazide), Lancet 1:609-613, 1960. 


Simpson, A., Tait, F., and Bush, E.: 


mammalian adrenal cortex, Lancet 2:226-227, 
1952. 

Effect 


8109, the secretion aldosterone 
normal rats, Endocrinology 
1959. 

Singer, B., and Wener, J.: Excretion so- 
dium-retaining substances patients with con- 
gestive heart failure, Am. Heart 45:795-801, 
1953. 


80. 


83. 


85. 


86. 


87. 


88. 


90. 


91. 


93. 


regeneration the rat, Proc. Soc. Exper. 
Med. 90:342-346, 1955. 

Nabarro, N.: Clinical and metabolic 
fects aldosterone antagonism, Lancet 
934, 1959. 

The clinical use aldosterone antagonists, 
Springfield, 1960, Charles 
Publisher. 

Sleisenger, H., Richard, J., Kowlessar, 
D., Clarkson, B., Thompson, D., and Peterson, 
E.: Effects spirolactones excretion 
water and electrolytes and aldosterone me- 
tabolism cirrhosis, Clin. Invest. 38:1043- 
1044, 1959. 

Streeten, P.: Bartter, C., editor: 
The clinical use aldosterone antagonists, 
Springfield, 1960, Charles Thomas, 
Publisher. 

Streeten, P., and Conn, W.: Studies 
the pathogenesis idiopathic edema, 
Lab. Clin. Med. 54:949-950, 1959. 
Streeten, P., Conn, W., Louis, H., 
Fajans, S., Seltzer, S., Johnson, D., 
Gittler, D., and Dube, H.: Secondary 
aldosteronism: Metabolic 
responses normal men high environmental 
temperatures, Metabolisin 9:1071-1092, 1960. 
Streeten, P., Louis, H., and Conn, 
W.: Secondary aldosteronism 
edema, Tr. Am. Physicians 73:227-239, 
1960. 

Sturtevant, M.: Prevention adrenal-re- 
generation hypertension 
blocker, Endocrinology 64:299-300, 1959. 


Summerskill, J., and Crabbé, J.: Effect 


amphenone therapy urinary excretion 
aldosterone and sodium 
with ascites, Lancet 2:1091-1095, 1957. 
Taylor, F., and Faloon, W.: The role 
steroidal lactone (SC-9420), Clin. 
crinol. 1959. 

Vander, J., Malvin, L., Wilde, 
Lapides, J., Sullivan, P., and 
one proximal and distal tubular sodium 
reabsorption, Proc. Soc. Exper. Biol. Med. 
99:323-325, 1958. 


and Sullivan, P.: Localization the site 
action chlorothiazide stop-flow 
Pharmacol. Therap. 125:19-22, 1959. 
Venning, H., Primrose, T., Caligaris, 
S., and Dyrenfurth, I.: Aldosterone excre! 
1957, 


i 
t 
| 


olume 
umber 


Venning, H., Singer, B., and Simpson, 
Adrenocortical function toxemia preg- 
nancy, Am. Obst. Gynec. 67:542-548, 
1954. 

Vesin, P., Blanpin, O., Julien, C., Giboudeau, 
Renault, H., and Cattan, R.: Traitement des 
(anti-aldostérone). Etude clinique 
que, Bull. mém. Soc. méd. Paris 75: 
826-840, 1959. 

Wiggins, A., Hutchin, E., Carbone, 
V., and Doolan, D.: Effect spirolactone 

8109 renal function normal human 


Symposium: Antimetabolites 373 


subjects, Proc. Soc. Exper. Biol. Med. 100: 
625-627, 1959. 

97. Wolfe, J., Fast, B., Stormont, M., and 
Davidson, Sodium diuresis from amphe- 
none given patients with cirrhosis and as- 
cites, New England Med. 257:215-218, 

98. Wolff, P., Koczorek, R., Jesch, W., and 
Buchborn, E.: Untersuchungen iiber die al- 
dosteronausscheidung bei Leberkranken, Klin. 
Wehnschr. 34:366-371, 1956. 

99. Wrong, O., and Gowenlock, H.: Aldoster- 
one antagonists, Lancet 2:1237, 1958. 


* 
j 
] 
| 
| 
‘ 


Part VIII. Folic acid antagonists 


James Holland, M.D.* Buffalo, 


Roswell Park Memorial Institute 


review folic acid antagonists not 
tale ancient history, although natural 
deficiency the vitamin must timeless. 
Macrocytic anemia with diarrhea India 
was early ascribed dietary deficiency 
and laboratory model sought. 1919, 
monkeys fed only autoclaved rice were 
observed die, not with clinical signs 
beriberi, but with weight loss, diarrhea, 
gastrointestinal ulceration, and anemia. 
Susceptibility infection was recognized 
frequently positive cardiac blood cul- 
tures autopsy and the appearance 
amebiasis during the deficiency 
description the relief tropical macro- 
cytic anemia large doses autolyzed 
identified source for the correcting 
Experimental confirmation the 
effect yeast monkeys* was followed 
extended study other laboratories 
the cause and cure (vitamin 
simian deficiency state which led leuko- 
penia, granulocytopenia, anemia, 
ceration, diarrhea, and unusual susceptibil- 
ity infection, particularly bacillary dys- 
entery.* 

was recognized independently that 
six ten dogs fed modified Goldberger 
diet developed, within 100 days, 
drome oral ulceration, leukopenia, mat- 
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uration arrest granulopoiesis, fever, sep- 
sis, and death. This syndrome could also 

Subsequently, production 
rectible nutritional deficiencies 
(factor and recognition growth 
factors from liver and yeast for Lacto- 
bacillus casei (norite eluate pro- 
vided sensitive bioassays which led iso- 
lation folic acid from eventual 
identification the vitamin pteryolglu- 
tamic recognition its polyglu- 
tamate forms, 

The importance folic acid hemato- 
poietic function provoked the interest 
cancer investigators from the beginning. 
Dietary granulocytopenia rats, caused 
deficiency folic acid, was corrected 
administration the Early 
attempts were made treat neoplastic dis- 
ease mice with crude and purified vita- 
min and its polyglutamate 
The treatment cancer man with the 
first analogues folic acid was not distin- 
However, the substitution 
amino group for the hydroxyl group the 
4-position the pteridine nucleus resulted 
the synthesis far more 
folic acid antagonist. Recognition its re- 
markable inhibitory effects microorgan- 
and its effects producing 
penia was soon followed re- 
port the production temporary 
missions acute leukemia children 
Farber and his 1948. 


4 


umber 


Several prior reviews folic acid and 
antagonists have This re- 
iew will concentrate the biochemistry 
the folic acid vitamins provides un- 
the effects antagonists, 
metabolic consequences administering 
‘hese compounds man, the effects 
acid antagonists human diseases 
acute leukemia, other 
diseases, psoriasis), effects 
pregnancy, some studies the regional 
use amethopterin, and the effect folic 
acid antagonists some viral infections 
and immunity. attempt has been made 
include topics primarily pertinent 
present the extensive liter- 
ature relating animal tumors, con- 
sider all the folic acid antagonists which 
have been synthesized. results man 
seem superior those obtained with 
aminopteroylglutamic acid compounds, and 
the term folic acid antagonists used this 
review restricted them. 


Biochemistry 


Studies folic acid metabolism have 
recently reached the stage where informa- 
tion available chemical terms and 
specific enzymatic activities, rather than 
solely terms growth responses fas- 
tidious, yet deceivable, microorganisms. 
The folic acid vitamins are intimately in- 
volved the pathways which formate 
and formaldehyde participate chemical 
reactions. The interrelations the folic 
acid derivatives and the destinies their 
one carbon fragments are shown diagram- 
matically Fig. 

the top the diagram, the reduction 
folic acid dihydrofolic acid and then 
acid shown. The co- 
factor function the folic acid vitamins 
served through the acquisition the hy- 
formaldehyde, 
tetrahydrofolic acid, and their 
donation biosynthetic path- 
tVS. 

reduction folic acid tetrahydro- 

lic acid catalyzed folic reductase, 
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enzyme shown present the liver 
cells and rodent intes- 
tinal Substantial evidence has 
been presented that the same enzyme 
responsible for both reductive steps 
chicken Enzymatic activities hu- 
man tissues and neoplasms are just be- 
coming available. 
pyridine nucleotide the hydrogen donor 
for reduction folic acid 
30, 

Folic reductase profoundly inhibited 
The affinity the partially purified en- 
zyme for 4-aminofolic acid 
mately 100,000 times greater than that for 
The strength this affinity 
leads nearly quantitative preferential 
saturation the enzyme 4-amino- 
pteroylglutamic acid thus 
“pseudoirreversibly” excluding folic acid 
dihydrofolic acid from the receptor site. 
This exclusion interrupts production 
tetrahydrofolic acid and 
main biochemical lesion caused folic 
acid The high enzyme-drug 
affinity also explains the usual lack re- 
versing effect seen from concentrations 
folic acid which are attainable the en- 

mouse liver for weeks and more con- 
sistent with continued enzyme-antagonist 
combination.** The return enzymatic ac- 
tivity liver and intestinal mucosa, despite 
the presence retained drug tissues, 
suggests that new enzyme synthesized 
before the older enzyme-drug complex 

Four direct pathways are known which 
carbon atom becomes enzymatically at- 
tetrahydrofolic acid (Fig. 1). The four re- 
sulting compounds are all convertible 
fifth, 
acid. Interchange among the five forms, en- 


Aminopterin. 


Methotrexate. 
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Fig. Metabolic pathways folic acid. The parts the schematic formulas not shown 
are the same for folic acid and not change during the reactions illustrated. Those re- 
actions known reversible are shown with double-headed arrows. (F) Folic acid; 
dihydrofolic acid; (FH,) tetrahydrofolic acid; (f) formyl group attached the superscript 
numbered position; anhydroformyl (methenyl); hydroxymethyl (methylene); (fi) 
formimino; UMP) deoxyuridylic acid; (TMP) thymidylic acid; (GLY) glycine; (GLU) 
glutamic acid; (FGAR) (FAICR) formylaminoimidazolecar- 


boxamide ribotide. 


zymatically mediated the pathways 
shown, dynamic requirement, since 
unique participation single tetrahydro- 
folic cofactors particular reactions has 
recently been 

The predominant quantitative 
duct after administration 
formate The circuitous route re- 
quired for its synthesis noteworthy (Fig. 
1). The additional unequivocal destinies 
for formate and for other carbon atoms 
acid cofactors are 
position uric acid (and thus the pu- 
rine compounds from which uric acid 
and the 5-methyl group 
thymidylic Each these reactions 
has unique features. addition, vitamin 


serves the prosthetic group for 
enzyme from mutant strain Escherichia 
coli which catalyzes methionine synthesis 
from homocysteine and formaldehyde 
serine. Optimal formation the enzyme 
from vitamin and the apoenzyme re- 
and transfers may well 
prove require the participation folic 
acid vitamins some analogous fashion. 

Serine and glycine are freely intercon- 
vertible enzymatically reaction which 
involves 
folic (left, Fig. 1).* Folic acid antag- 


onists diminish the serine yield from radio- 


*Physiologically, serine probably the most important 
source for the formate and formaldehyde radicals the 
one carbon 
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active formate incubation mixtures 
circulating human 
leukemic but not mouse splenic 
lymphocytic leukemic L-1210 

hydroxymethyltetrahydrofolic acid 
involved the donor for the 5-methyl 
thymidylic acid after incubation thy- 
midylic system that em- 
ployed tritiated tetrahydrofolic acid, form- 
aldehyde the carbon source, deoxyuri- 
dylic acid the recipient, 
purified enzyme from coli, and magne- 
sium chloride. All the tritium was the 
pyrimidine base, not the sugar. The re- 
sults support the concept that 
droxymethyl group (from formaldehyde 
was transferred from tetrahydrofolic acid 
deoxyuridylic acid and that tetrahydro- 
folic acid itself served direct hydrogen 
donor (tritium this experiment), there- 
reducing the hydroxymethyl group 
the methyl group thymidylic acid. The 
products the reaction were thymidylic 
acid and folic acid compound lower 
level hydrogenation than tetrahydrofolic 
acid, presumably dihydrofolic acid. 
note that the subsequent reduction di- 
hydrofolic acid acid 
might interrupted inhibition folic 
reductase with folic acid antagonist, thus 
depleting the tetrahydrofolic acid pool. 

The foregoing observations may re- 
lated the evidence suggesting that thy- 
midylic acid biosynthesis the reaction 
most sensitive the action folic acid 
mice with line lymphocytic leukemia in- 
hibited the subsequent splenic incorpora- 
tion radioactive formate into thymine 
time when radioactivity 
creased the purines Fifty- 
four per cent radioactive formate incor- 
porated during vitro incubation hu- 


man chronic granulocytic leukemic leuko- 


cytes isolated from the peripheral blood 
was found chromatographically isolated 
thymine. When amethopterin was added 
the incubation mixture, formate incorpora- 
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tion into thymine was inhibited 98.5 
per cent. This contrasts with the 
per cent inhibition formate incorporation 
into purines the ribonucleic acid acid- 
soluble not clear whether 
the pronounced inhibition the synthetic 
pathway thymidylic acid indicates need 
for higher cofactor concentration than 
other reactions where tetrahydrofolic acid 
compounds act cofactors. 

Formiminoglycine has been shown 
arise during the catabolism purines 
clostridial (left center, Fig. 1). 
Formiminoglutamic acid has been found 
After transfer the tetrahydrofolic 
acid molecule, catalyzed specific form- 
iminotransferases, the imino group re- 
moved ammonia the enzyme cyclo- 
deaminase, with conversion the remain- 
ing molecule 
hydrofolic Partially purified hepatic 
enzymes involved the metabolism 
formiminotetrahydrofolic acid are incom- 
pletely inhibited 4-aminofolic acid. 
Formiminoglutamic formiminotransferase 
was inhibited per cent, cyclodeaminase 
per cent, and cyclohydrolase per cent 
inhibition was obtained with amethop- 
During intensive amethopterin ad- 
ministration patients with neoplasms, 
only minute amounts formiminoglutamic 
acid appear the even after histi- 

Formate combines enzymatically with 
tetrahydrofolic acid form 
tetrahydrofolic (right center, Fig. 
1). physiologic pH, enzymatic and 
chemical equilibriums markedly favor this 
form the cofactor over 
less, active pathway from the 
through the 
enyl) the (meth- 
ylene) tetrahydrofolic acid demonstrated 
serine, which arises from administered 


Holland and Mamrod: Unpublished observa- 
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formate the predominant 
some 

has recently been established puri- 
fied enzyme systems that 
hydrofolic acid supplies the carbon atom 
tide make 5-formylamino-4-imidazole- 
carboxamide ribotide. This atom becomes 
carbon inosinic acid (and other 
purine compounds) after 
acid 
provides the carbon atom glycine amide 
ribotide form formylglycineamide ribo- 
tide, which eventually becomes carbon 
inosinic acid (and other purine com- 
pounds Although these donors appear 
specific, the interconversion the two 
cofactors the nearly ubiquitous enzyme 
cyclohydrolase and rapid chemical 
equilibrium may deprive the cofactor spec- 
ificity much meaning ordinary cir- 
cumstances 

The accumulation 5-amino-4-imida- 
zolecarboxamide ribotide, and not glycine- 
amide ribotide, extracts coli and 
sensitive L-1210 leukemic cells, when either 
inhibited amethopterin, suggests that 
certain inhibitory specificity 
Incorporation carbon into inosinic acid 
more completely blocked than that 
‘arbon This may reflect different com- 
petitive advantages the drug for the two 
enzymes and their respective tetrahydro- 
folic acid cofactors. 

familiar citrovorum factor (CF) folinic 
acid (right, Fig. 1). Microbiologic assays 
tetrahydrofolic acid cofactors are de- 
scribed terms this component. Much 
formed from other unstable cofactors 
the process preparing and autoclaving 
specimens for bacterial Failure 
preserve biologic fluids with suitable re- 
ducing and response Pediococ- 
cus cerevesiae thymidine present the 
can lead, respectively, low 
high values the citrovorum factor assay. 
Older conclusions drawn from bioassays re- 
quire careful reappraisal. 
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hydrofolic acid can donate formyl group 
glutamic acid become formylglutamic 
acid reversible and requires 
energy-consuming reaction become 
transformed 
hydrofolic Recently, direct conver- 
acid without intermediate ring formation 
has also been 

Although inhibition folic reductase 
folic acid antagonists explain 
much the action these drugs, certain 
observations remain which are not readily 
understood unless some other substantial 
action folic acid antagonists exists be- 
yond the tetrahydrofolic acid level. Thus, 
when measured activity for 
serine-glycine interconversion isolated 
system, acid was 
per cent inhibited concentration 
4-aminofolic acid which inhibited tetra- 
hydrofolic acid only per Ame- 
thopterin inhibition formate incorpora- 
tion into chronic granulocytic leukemic 
leukocytes partially reversible citro- 
vorum factor competitive 
Citrovorum factor served antagonist 
amethopterin mice over drug range 
100 times the for days ad- 
ministration with nearly constant ratio 
drug vitamin, whereas folic acid was in- 
effective. Nonetheless, effect citro- 
vorum factor was evident was admin- 
istered more than hours after single 
maintain per cent inhibition growth 
strain fibroblasts culture, the ratio 
citrovorum factor amethopterin was 
constant over two log range concen- 
tration, suggesting that they were competi- 
tive Furthermore, differential 
accumulation precursors purine bio- 
supports the existence dif- 
ferences drug effect cofactor path- 
ways beyond tetrahydrofolic acid. 

The ultimate effects folic antagonists 
animals are highly tissue specific. The 
rapid rates proliferation the several 
epithelia the alimentary canal appear 
correlated with indispensable require- 
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ments for folic acid cofactors. Inactivation 
folic reductase folic antagonists (and 
possibly other competitive 
rupts the capacity for cell 
This interference biochemical reactions 
manifest chiefly those reactions known 
related preparation for cell divi- 
sion, e.g., nucleic acid 
system where rapid turnover 
physiologic, such alimentary mucosa 
marrow, depletion cell population fol- 
lows with the clinical signs ulceration 
leukopenia, thrombocytopenia, and 
Intracellular protein 
synthesis seems less significantly in- 
hibited than nucleic acid synthesis. Eryth- 
rocyte precursors which remain become 
megaloblastoid have increased 
amounts cytoplasmic proc- 
esses epidermal epithelium (tonofibrils 
become enlarged and and 
formate incorporation into serine either 
(in mouse lymphocytic leu- 
kemic cells) less affected than thymidy- 
lic acid biosynthesis*' (in human chronic 
granulocytic leukemic cells). 

the preparations studied, the effects 
folic acid antagonists liver biochem- 
istry the mouse are confused the fre- 
quent presence leukemic cells the 
liver and the effects tumor metabolism 
hepatic function. normal DBA mouse 
liver, amethopterin caused depression 
formate incorporation into the combined 
protein and nucleic acid This 
stands contrast nearly complete inhi- 
bition folic reductase activity liver 
after single large dose 4-aminofolic 
The liver not growing system, 
however, and the needs for folic cofactors 
for static, maintenance biochemical func- 
tion seem vastly less demanding than 
those for cytogenesis. 

One must also consider that the liver 
abounds storage form(s) folic acid, 
the exact nature which unknown. 
Polyglutamate peptides and perhaps other 
forms serve make for 
folic acid Despite the presence 
4-aminofolic acid, autolyzing sheep liver 
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produced per cent the expected citro- 
vorum factor activity, suggesting that 
antagonist-insensitive pathway can provide 
folic 

The effects folic acid antagonists 
neoplastic growth are not predictable from 
growth rates either experimental clin- 
ical tumors. Reliable prognostication 
tumor suppression biochemical indices 
currently available has been similarly un- 
availing. Drug effects incorporation 
formate into total proteins 
acids the gross protein fraction leuko- 
cytes from patients with various hemato- 
logic disorders not correlate with known 
clinical incorpora- 
tion into thymine human chronic granu- 
locytic leukemic leukocytes was inhibited 
98.5 per cent when incubated vitro 
with This activity the 
drug higher than any other disease 
studied. not paralleled clinical use- 
fulness the drug chronic granulocytic 
leukemia, although slight antitumor effect 
can indeed 

Marked inhibition formate incorpora- 
tion into the gross nucleic acid and protein 
widely acknowledged, but 
identify the primary locus activity, em- 
ploying chromatographic separations, were 
beset probable artifactual losses thy- 
mine-containing the com- 
pounds isolated, substantial accumulation 
tide was found. Similar observations were 
made for strain leukemia L-1210 de- 
growth; the same metabolic blockade was 
apparently present, but there was evi- 
dence its effectiveness inhibiting tu- 
mor growth the amethopterin-dependent 

Nucleic acid biosynthesis novo, 
measured incorporation 
into adenine and guanine, was markedly 
inhibited low doses amethopterin 
mouse TA3 ascites cell carcinoma. con- 
comitant slight increase incorporation 
preformed may have been 
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compensatory metabolic shift. induced 
amethopterin-resistant line the same tu- 
mor showed inhibition glycine uti- 
lization result amethopterin treat- 

Eighteen hours after 4-aminofolic acid 
treatment, the adenylic acid and adenosine 
triphosphate levels 6-day-old sarcoma 
180 mouse tumors were reduced approx- 
imately per cent those control ani- 
mals. effect was observed levels 
the compounds liver, muscle, 

Although studies amethopterin effect 
leukemic leukocyte metabolism, 
flected rates aerobic glycolysis, dis- 
tinguish between acute lymphocytic leu- 
kemia and acute myelocytic 
the drug concentrations used 
vitro are much greater than those attained 
clinically effective doses. 
doubt the relevance these observa- 
tions amethopterin function vivo. 

“Natural” resistance most neoplasms 
the effects folic acid antagonists 
poorly understood and has unfortunately 
received little study. Resistance treat- 
ment has been observed arise several 
experimental neoplasms ordinarily sensitive 
folic acid Suspensions 
splenic cells from mice carrying one 
when measured for ability form citro- 
vorum factor activity from added folic acid 
and serine, were less inhibited antag- 
onist than suspensions from the amethop- 
terin-sensitive leukemia from which the re- 
sistant line derived.*' Resistance may not 
entirely phenomenon the tumor 
cells themselves, however, but many rep- 
resent vagaries tumor size, drug dis- 
tribution, and metabolite 
for the phenomenon resistance can 
genetic has been shown bacteria never 
exposed the drug. Treatment Diplo- 
coccus pneumoniae with deoxyribonucleic 
acid derived from amethopterin-resistant 
pneumoniae** made the recipient organ- 
isms resistant without ever having been 
exposed amethopterin. 
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Resistance amethopterin has been in- 
duced vitro clonal strains 
derived from single cells the cultured 
line murine lymphocytic leukemia, 
L-5178-Y. Stepwise increase abrupt ap- 
pearance resistance has been produced, 
with maximum resistance 100,000 times 
that the original tumor. Cell lines which 
were four 100 fold resistant amethop- 
terin vitro were genetically stable, 
the absence drug, for the duration the 
observation periods weeks. When 
transplanted back mice, the 100,000 
fold resistant line fades 20,000 fold re- 
sistant line weeks, suggesting that 
biochemical selection factors vivo may 
tend toward less resistant form tumor 
cell. Fourfold resistance culture was not 
sponse, after implantation mice. Fifty 
100 fold resistant strains culture, how- 
ever, were found resistant mice. 
Other 
mors mice showed moderate drug re- 
sistance when cultured. These observations 
emphasize the possibility studies clin- 
ical material determine 
ties. 

examination the mechanism re- 
sistance has been made sarcoma 180 cells 
gradually made resistant prolonged 
growth media containing amethopterin 
and folic acid supplemented with hypox- 
anthine (AH) thymine (AT). The sixty- 
six fold and 160 fold resistant cell 
lines had greatly increased capacity 
bind amethopterin the 
compared with the sensitive parent cells. 
These observations were explained the 
isolation increased amounts folic acid 
reductase, the kinetic 
which were unchanged, from the resistant 
strains. The folic reductase, aside from its 
quantity, was shown identical the 
resistant lines with the enzyme present 
the normal cell. Thus, resistance ame- 
thopterin these experiments would seem 
ascribable sufficient folic reductase 
fix the drug binding, thereby physio- 
logically inactivating it, together with 
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enough reductase meet cellular require- 
ments for tetrahydrofolic 

similar mechanism resistance has 
been found for L-5178-Y lymphoblasts two- 
and sixteen fold resistant amethopterin. 
The folic reductase content exactly paral- 
leled their resistance. The enzyme was also 
apparently identical with normal folic re- 
ductase, since the same amounts ame- 
thopterin were required inhibit each 
unit folic reductase activity control 
and resistant strains. Because 
changes folic acid metabolism were 
found, was presumed that the folic re- 
ductase elevation constituted single gene 
basis for 

Since prodigious levels resistance can 
elicited cell cultures, manifest 
that the highest levels cannot explained 
solely increased content folic reduc- 
tase. The amount binding required 
would exceed the possible cellular content 
enzyme. the level resistance neces- 
sary recognizable clinical refrac- 
toriness, however, enzymatic binding 
drug tumor cells could entirely 
sufficient explanation. 

Circumvention the effects folic acid 
antagonists mammalian cell cultures, 
similar that noted prior observations 
bacterial systems, has been 
Supplementation Eagle’s cell culture me- 
dium with thymidine, glycine, and hypo- 
xanthine adenine allowed for sustained 
growth the presence otherwise inhibi- 
tory levels amethopterin. not incon- 
ceivable that similar nutrients might 
available neoplastic cells vivo from 
the constituents plasma and necros- 
ing normal cells the advancing edge of, 
from dying tumor cells within, neo- 
plasm. so, lack effect amethopterin 
might expected. 

Recent studies have also shown two 
other biochemical effects which are dif- 
ficult associate with primary mechanisms 
folic acid antagonist activity. Acetyla- 
tion has been investigated using sulfanil- 
amide convenient substrate. pi- 
geon liver system, per cent inhibition 
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acetylation was found 10° ame- 
thopterin, approximately 10,000 times the 
concentration needed inhibit folic re- 
ductase nearly quantitatively isolated 
higher serum acetylsulfanilamide concen- 
trations were found control animals 
than those given mg. amethopterin 
per kilogram.*? 

Increased alkaline phosphatase activity 
leukocytes was noted when incubations 
vitro were conducted the presence 
100 amethopterin per milliliter. 
This effect was not reversible preaddi- 
tion folic acid, citrovorum factor, vita- 
min citrovorum factor was added 
simultaneously with amethopterin, how- 
ever, the increase phosphatase activity 
was 


Biochemical, pharmacologic, and 
toxicologic effects man 


Observations rats with intestinal bac- 
teriostasis fed folic acid deficient diets dis- 
closed urinary component containing 
glutamic The material has been 
identified 
(FGA), catabolite histidine after ring 
(see Fig. 1). Early examination 
FGA microbiologic assay disclosed 
its accumulation the urine patients 
(and normal subjects) treated with ame- 
thopterin presumably because depletion 
much preferable enzymatic assay depend- 
ent the reactions cited above has been 
and used study normal sub- 
jects and children with acute leukemia dur- 
ing amethopterin 

The excretion rate FGA subjects, 
including normal adults and adults and 
children with neoplasms and other dis- 
eases, varied from zero per hour. 
(If the excretion rate were constant, 
per hour would equal 4.18 mg. per day; 
actually the rate not constant.) chil- 
dren with acute leukemia who had not pre- 
viously had amethopterin treatment, the 
FGA excretion rate was 0.03 per 
hour. each children with acute 


| 
~ 


382 Holland 


leukemia who received amethopterin ther- 
apy, FGA excretion some time was 1.30 
per hour greater. Many weeks 
passed some children, many 
weeks who also received prednisone, 
before substantial increase the FGA ex- 
cretion rate occurred. children treated 
with amethopterin alone, normal excretion 
rates for FGA shortly after remission 
acute leukemia was established were inter- 
preted the authors evidence that the 
leukemic cells were more sensitive the 
folic acid antagonist than was the pathway 
responsible for formiminoglutamic aciduria. 
Patients with drug intoxication were not 
studied, and only boy transition from 
frank leukemia remission status was ob- 
served. had abnormally high rate 

have studied FGA excretion with 
and without histidine loading during 
study amethopterin and dichloramethop- 
terin treatment for lymphosarcoma.* Uri- 
nary FGA regular diet and regular 
diet plus single oral dose Gm. 
histidine was determined once weekly. The 
increased excretion FGA after 
dine challenge normal adults varied 
from per day. some patients 
taking folic acid antagonist, the increase 
after histidine did not exceed 
the values the normal subjects. When 
treatment control values, however, FGA ex- 
cretion after histidine challenge serves 
identify biochemical lesion which appears 
within few weeks folic acid antagonist 
administration. Rise FGA excretion with- 
out histidine loading, recognized all, 
always occured later than the response 
histidine challenge. Several 
showed clinical toxic effects during drug 
administration, evidenced oral mu- 
cosal ulceration hematopoietic change, 
but our studies neither morphologic evi- 
dence intoxication nor tumor regression 
was successfully predicted changes 


Holland and Mamrod: Unpublished observa- 
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FGA excretion, with without histidine 
challenge. has recently been shown 
that vitamin and several sulfur-con- 
taining amino acids can correct formimino- 
glutamic aciduria folic acid deficient 
The effects these substances 
folic acid antagonist-induced formimino- 
glutamic aciduria man are unknown. 

Urinary formic acid excretion 
cently been enzymatically measured 
parameter drug-induced folic acid de- 
since urinary formate known 
rise folic acid deficient The ex- 
cretion rate normal adults and adult 
patients with cancer and other diseases was 
3.6 47.3 per hour. children with 
leukemia other diseases who had never 
had amethopterin, the excretion rate was 
1.5 15.7 per hour. Fifteen chil- 
dren who received amethopterin excreted 
more than 15.7 formic acid per hour. 
Delays increase excretion rate were 
long weeks child receiving ame- 
thopterin alone and weeks child 
also receiving prednisone. two instances 
children taking only amethopterin, re- 
mission the leukemia was established 
before increase formaturia occurred. 
Since the study involved the same patients 
(and those whom form- 
iminoglutamic acid excretion rates had 
been comparisons the ex- 
cretion these two urinary metabolites 
could made. interest that only 
one instance thirty-four specimens 
patients were the directions change dis- 
cordant. Urinary formate can arise from 
several and perhaps 
known precursors. The effect diet and 
factors others than folic acid antagonism 
the urinary excretion formate man 
has not been delineated. 

Impaired hydroxylation phenylalanine 
tyrosine has been observed women 
under treatment with amethopterin 
choriocarcinoma. early hours after 
amethopterin administration, 
dose phenylalanine led higher levels 
and delayed disappearance phenylala- 
nine from serum and lower serum tyro- 
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sine concentration than had occurred after 
similar challenge before amethopterin 
treatment. Basal phenylalanine 
sine serum levels were These 
findings are clinical extrapolations the 
observations that enzy- 
matic hydroxylation phenylalanine re- 
quires unidentified cofactor (for which 
synthetic tetrahydropteridines 
hydrofolic acid can substitute). There 
evidence that the cofactor requires reduc- 
tion before exhibiting activity, fash- 
ion analogous the reduction folic acid 
tetrahydrofolic acid. This reduction 
effectively blocked amethopterin, lead- 
ing impaired hydroxylation 
alanine tyrosine. 

Decrease urinary corticosteroid excre- 
tion has been described after 4-aminofolic 
acid administration some but 
the metabolic effects and antineoplastic ac- 
tions folic acid antagonists are not con- 
sidered mediated through the adrenal. 

Urinary citrovorum factor activity has 
recently been assayed with Ped. cerevisiae 
8081 resistant days 
when large doses amethopterin were ad- 
ministered, citrovorum factor activity in- 
creased three five times over control 
levels. This increase was not correlated 
with therapeutic response and thus did 
not reflect tumor tissue destruction. The 
relatively minor increase 
gen excretion days drug administra- 
tion suggests that the citrovorum activity 
did not come from destruction normal 
tissue. Presumably, represented displace- 
ment tetrahydrofolic acid cofactors from 
enzymatic sites. These data extend and 
confirm earlier studies the 

Several days after 4-aminofolic acid ad- 
ministration, per cent administered 
folic acid was recovered folic acid micro- 
biologically, contrast per cent un- 
der control circumstances. This finding was 
attributed decrease extrarenal re- 
moval folic acid, its mobilization from 
extrarenal site (at least part liver), 
and decreased renal tubular reabsorption 
the filtered folic acid 
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The effects amethopterin metab- 
olism were observed classic metabolic 
balance studies women with minimal 
disease from metastatic choriocarcinoma. 
Each had had multiple prior courses 
None showed change 
tumor size decrease gonadotropic titer 
evidence tumor suppression during 
the study. single day control period, 
days after the last administration 
amethopterin, was followed days 
treatment during which mg. ame- 
thopterin was given intramuscularly daily 
and another days treatment. Al- 
though changes were small, they were con- 
sistent for these patients. decrease 
3.5, and 3.5 Gm., respectively, occurred 
over-all nitrogen balance for the treat- 
ment period when contrasted with the con- 
trol. The extra nitrogen loss the women 
was followed more positive nitrogen 
balance the posttreatment period, sug- 
gesting anabolic phase after the cata- 
bolic episode. 

and have studied, under 
conditions constant intake, man with 
choriocarcinoma who also failed improve 
with amethopterin. Urinary nitrogen excre- 
daily the days received amethop- 
terin orally. 

increased average daily urinary loss 
uric acid 58, 382, and 104 re- 
spectively, was observed during amethop- 
terin administration the aforemen- 
tioned The nitrogen and urate 
loss during amethopterin administration 
was temporally related consistent de- 
crease reticulocyte count. The authors 
estimated that red cell production virtually 
ceased their patients during amethop- 
terin treatment and that the changes 
nitrogen balance, assuming continuing nor- 
mal. erythrocyte catabolism, 
ascribed failure reutilization eryth- 
rocyte catabolites because the drug 
effect marrow. Unfortunately, data 
other marrow constituents were not pre- 
sented, but entirely possible that con- 
comitant effects leukopoiesis might 
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have interrupted normal marrow produc- 
tion leukocytes. Although one might 
anticipate decreased urate excretion 
the basis locus action ame- 
diversion 
compounds produce increased urinary 
uric acid could readily explained 
substantial amounts these compounds 
were not used The 
phenomenon increased urate excretion 
has been observed acute leukemia after 

metabolic study was also performed 
woman with choriocarcinoma not pre- 
viously treated with 
drop chorionic gonadotropic titer dur- 
ing administration suggests that least 
dysfunction and perhaps growth inhibition 
occult tumor occurred. The nitrogen bal- 
ance became more positive 6.1 Gm. 
the day treatment period without change 
phosphorus balance. These findings are 
not incompatible with results seen anab- 
olism host tissues after chemothera- 
peutic tumor 

When measured microbiologically, ame- 
thopterin rapidly absorbed after inges- 
tion and reaches peak serum levels 
hour fasting subjects. The peak serum 
concentration lower and occurs late 
hours the drug taken after eating. 
Approximately one-half the microbiologic 
inhibitory activity administered ame- 
thopterin recovered the urine 
hours. Renal functional impairment greatly 
prolongs and elevates serum concentrations 
and provides ample explanation for the 
enhanced toxicity folic acid antagonists 
patients with renal 

When measured the 
serum level amethopterin hour after 
oral dose was approximately twice that 
measured the microbiologic technique 
after the same serum concentra- 
tions the drug the ordinary range, 
per cent was found equilibrium 
dialysis protein bound. Freeman, 
using the fluorometric technique, stated 
that 100 per cent the orally admin- 
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istered drug was recovered the urine 
hours. After intravenous administration, 
similar nearly quantitative recovery 
curred 

note that drug was discovered 
human liver autopsy 120 days 
after prolonged clinical courses ame- 
not certain whether the 
inconsistency between this finding and the 
demonstration prolonged hepatic bind- 
ing the drug mice** methodologic 
the result striking species difference. 
The volume distribution amethopterin 
per cent total body water, 
suggesting that the distribution primarily 
amethopterin column chromatographic 
separation urine failed reveal any re- 
duction amethopterin the tetra- 
hydro 

Recently specific technique for meas- 
urement folic acid antagonists has been 
devised. This method depends the in- 
tense affinity folic acid antagonists for 
folic reductase. The enzyme, derived from 
the supernatant obtained high speed 
centrifugation rat liver homogenate, 
used reactant bind drug; excess 
enzyme determined its activity re- 
ducing folic acid tetrahydrofolic acid. 
Comparison with curve obtained with 
standard amounts drug allows precise 
method has given more reliable data than 
microbiologic fluorometric determina- 
tions. 

The morphologic effects folic acid 
antagonists man are most prominently 
seen alimentary mucous membrane (de- 
scribed the section leukemia), hema- 
topoiesis, hair growth, skin, spermato- 
genesis, and the growth certain tumors. 
After single large doses amethopterin 
intravenously cancer patients without 
hematologic disorder, Condit found that 
usually 
curred the fourth fifth day, neutro- 
penia the sixth day, and thrombocyto- 
penia the ninth day. 
reasonably approximate the lifespans for 
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the particular cell types when measured 
other techniques. The data suggest that 
the effect amethopterin interfere 
with marrow production these cells. 
Lymphocytopenia was not 
these 

Megablastoid changes erythropoietic 
cells are commonly seen patients who re- 
ceive amethopterin for extended period. 
Iron uptake measured continues 
about normally for hours after 
injection amethopterin and then slows. 
This consistent with effect folic acid 
antagonists stage erythropoiesis 
earlier than iron incorporation. Cells which 
have already matured sufficiently the 
time drug administration continue iron 
metabolism Larger amounts 
drug lead profound pancytopenia, but 
rarely without significant toxic effect the 
alimentary mucosa. 
with brisk leukocytosis and thrombocytosis 
may occur the recovery phase following 
bout hematologic toxic effect. 

Amethopterin exerts profound effect 
actively growing (anagenic) hair. Alopecia 
may occur during treatment but usually 
not prominent. Van Scott, Reinertson, and 
have described constriction 
the shaft distal the keratogenous zone 
scope; the hairs break this segment. The 
findings are different from atrophy the 
hair bulb induced x-ray. Morphologic 
changes the hair shaft have been de- 
tected early the eighth day and all 
patients studied the fourteenth day after 
large single injections amethopterin. 
Changes also occur hair patients who 
receive standard doses the drug. 

Amethopterin and 4-aminofolic 
duce transient oligospermia. patients, 
each drug, total sperm counts were 
depressed per cent below control 
levels. The two men 4-aminofolic acid 
were psoriatic patients who been 
treated intermittently for and years. 
The sperm counts between courses were 
normal, however, indicating that perma- 
nent oligospermia had not 
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Chemotherapy trophoblastic 
neoplasms 


Perhaps the significant 
achievements amethopterin occur the 
chemotherapy trophoblastic neoplasms 
women. The detailed, brilliant observa- 
tions Li, Hertz, and initially 
after intravenous administration high 
doses the course pharmacologic stud- 
ies and subsequently after 
regimen intensive administration, clearly 
delineated this important use the drug. 

Appropriate classification trophoblastic 
neoplasms indispensable appraisal 
the effects Choriocarci- 
noma women highly malignant tu- 
mor which usually arises 
tissue. distinguished its morphologic 
disorganization (lack villi) and extreme 
invasiveness. Although surgical cures are 
reported, the ordinary tragic 
characterized early metastasis, rapid 
growth, and death within year from 
diagnosis. Spontaneous remission histo- 
logically confirmed choriocarcinoma rare. 
Invasive hydatidiform mole (choriocarci- 
noma destruens) more benign neo- 
plasm than choriocarcinoma. The molar 
tissue, characterized hydropic “degen- 
eration” villi, invades the uterine wall 
and may metastasize distantly. The mor- 
phologic state metastases from invasive 
mole, however, may either choriocar- 
cinomatous molar. Invasive mole has 
appreciable spontaneous regression rate. 
Since the term chorionepithelioma has been 
commonly used describe both choriocar- 
cinoma and invasive mole, likely that 
most the spontaneous regressions re- 
ported the world literature for chorion- 
epithelioma were fact invasive mole. 
Hydatidiform mole is, definition, con- 
fined the endometrium and uterine cav- 
ity and does not require chemotherapy. 

Chorionic neoplasms secrete chorionic 
gonadotropin, hormone which may 
detected urine and serum and which can 


Condit: Personal communication, 1959. 
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quantified bioassay. Its secretion pro- 
vides convenient gauge least one 
function the neoplasm. 

The intensive regimen amethopterin 
treatment advocated Hertz 
comprises courses treatment 
given daily, usually intramuscularly. 
some patients, oral intravenous adminis- 
tration has also been used. our own 
amethopterin has been adminis- 
total dose levels 0.75 1.5 mg. per kilo- 
gram each course. Repeated courses 
the drug have been administered the 
presence detectable tumor, days 
after the last course, all signs toxic 
effect from the compound have abated. 

Amethopterin administration 
‘arcinoma invasive mole can cause sharp 
decline the titer urinary gonadotropin 
matter days, but three courses 
drug may necessary before any decline 
titer Several courses drug 


may required before excretion chori- 
onic gonadotropin falls normal levels 
with fever from metastatic choriocarci- 
noma, defervescence may follow directly 


Table Treatment choriocarcinoma, 
invasive mole, and other trophoblastic 
neoplasms women with intensive 
amethopterin 


Com- 
No. plete Partial 
remis- 


Invasive mole 

(chorioadenoma 

destruens 
Other trophoblastic 

Doniach, Crookston, and 


Perlson and and Hreshchyshyn, Graham, and 


carcinoma (2), trophoblastic nodule cervix (1), and 
inconclusive diagnosis (1). 
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upon the initiation 
sense well-being may also recogniz- 
able before clinical evidence change 
tumor mass. 

Decrease the size tumor metastases 
usually accompanies laboratory clini- 
cal indications improvement. Since pul- 
monary metastases 
are frequently present, serial x-ray films 
serve demonstrate the beginning regres- 
sion metastases, even those several cen- 
timeters diameter, which noticeable 
early the second Some regres- 
sions are partial. 

Complete remission choriocarcinoma 
has been defined absence 
monal, radiologic, and physical evidence 
tumor. Partial remission 
gonadotropin excretion and 
disappearance gross tumor. addition, 
the term partial remission applied the 
remission phase those patients who had 
sustained regression tumor, fall titer, 
and clinical improvement but 
known subsequently have relapsed. 

Recently, there has been review 
women with trophoblastic neoplasms 
treated intensive amethopterin regi- 
men; the patients were reported from eight 


different clinics February, 


Table summarizes the pertinent data. The 
complete remission rate choriocarcinoma 
less than that invasive mole. This 
keeping with the greater responsiveness 
the latter neoplasm several other chemo- 
therapeutic agents. other 
amethopterin has effected similar com- 
plete remission rate patients with chorio- 
patients with choriocarcinoma started only 
March, 1956, however, and since only 
reported patients with choriocarcinoma can 
possibly surviving more than months 
March, 1960 (patients and Hertz 
and and patient Hresh- 
chyshyn, Graham, and 
premature talk terms cure. 

Failure amethopterin choriocarci- 
noma has been prominent patients with 
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massive amounts metastatic tumor when 
first The continuing elevation 
gonadotropin excretion, which consigns 
one-half the women with trophoblastic neo- 
plasms the partial remission category, 
doubtless reflects persistent functional tu- 
mor tissue some site not determinable 
physical roentgenologic examination. 
Persistence, recurrence, appearance 
intracranial metastases during treatment 
has been and may constitute 
occult tumor source increased gonado- 
tropin excretion. Since the possibility 
eradication choriocarcinoma and other 
trophoblastic neoplasms with suitable ther- 
apy now real, however, every effort 
should made, the event failure 
attain complete remission from drug, 
assure that resectable mass tumor 
not the producing site. our patients 
(patient gonadotropin excretion fi- 
nally reached normal titer months after 
initiation chemotherapeutic and surgi- 
cal program for the management chorio- 
carcinoma. 

The occurrence toxic effects ame- 
thopterin seriously ill patients with the 
high doses drug used not surprising. 
status, identical doses can often toler- 
ated with minimal the 
reported women with trophoblastic neo- 
plasms treated with amethopterin nearly 
300 courses (Table I), only was ame- 
thopterin toxicity thought the chief 
cause death, although toxic lesions were 

The response invasive mole ame- 
thopterin not better than results reported 
oxide 
The greater over-all experience 
that has accumulated with amethopterin, 
however, would seem make the drug 
choice present. 

Failures nitrogen DON 
and 
thiophosphoramide improve patients 


*Nitromin. 
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with choriocarcinoma have been reported. 
single patient has responded combi- 
nation actinomycin and chlorambucil 
after relapse from the 
subsequent complete remission was still 
progress months after onset.* One patient 
who failed benefit from three oral 
courses amethopterin responded par- 
Recently, 
Hertz, Lipsett, and have introduced 
the use vincaleukoblastine, alkaloid 
from periwinkle, women who 
come resistant amethopterin. Three 
patients had return gonadotropic 
excretion normal levels, instance for 
months. Partial regression pulmonary 
metastases was described other pa- 
tients. The mechanism action this 
compound unknown but apparently 
not similar that amethopterin. 

Choriocarcinoma men has 
sponded satisfactorily amethopterin treat- 
testicular origin, three eight courses 
amethopterin and two four courses 
intensive 6-mercaptopurine treatment failed 
diminish gonadotropin titer significantly, 
and death from 
occurred each. fifth man, chorio- 
carcinoma from primary 
site failed respond seven courses 
amethopterin, and died similar 
manner. 

Recently, and co-workers* have de- 
vised combination chemotherapy regimen 
which evoked some evidence objective 
response men with metastatic 
testicular choriocarcinoma for periods 
months. This regimen consists 
amethopterin, chlorambucil, and actinomy- 
cin given concurrently. The activities 
each component, their essentiality for the 
responses seen, and the completeness the 
remissions induced have not yet been de- 
fined. 

Recently, has investigated the trans- 
plantability from 
women and from men.* has implanted 


Li: Personal communication, 1959. 
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choriocarcinoma testicular uterine 
origin into cheek pouches hamsters 
maintained diets with and without folic 
acid supplementation the form the 
crystalline vitamin spinach. Prelimi- 
nary results his studies 196 animals 
indicate that choriocarcinoma uterine 
origin implants poorly (14 per cent) unless 
added folic acid with without cortico- 
steroids provided (46 per cent per 
cent). Testicular choriocarcinoma implants 
cent) and can grow even animals re- 
ceiving spinach. The findings are not 
inconsistent with the concept that critical 
metabolic needs for folic acid vitamins 
choriocarcinoma the female provide 
basis for sensitivity folic acid antago- 
nists. Direct measurements vitamin con- 
tent and folic reductase will particu- 
lar interest choriocarcinomas men and 
women. 


Folic acid antagonists and 
pregnancy 


The use folic acid antagonists in- 
duce abortion rests their greater toxicity 
for fetal than maternal tissues pregnant 
mice and and their activity some 
women for whom therapeutic abortion has 
been Recent reports from 
several countries severe maternal intoxi- 
and inefficacy six twelve attempted 
therapeutic probably reflect 
small portion the difficulties encountered 
and smaller proportion the attempts 
made. One must conclude that the tech- 
nique uncertain and unsafe and has two 
serious drawbacks not shared with even 
surreptitious curettage: fetal survival with 
anomalies and attempted suicide with the 
abortifacient. There would appear 
reliable basis, either medical practice 
the demimonde, for currently available 
folic acid antagonists replace curettage 
terminating early pregnancy. The thera- 
peutic use folic acid antagonists during 
pregnancy, least during the first trimes- 
ter, must scrupulously 
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women whom pregnancy might start 
during administration folic acid antago- 
nists, the physician must reckon with the 
possibility discovering the pregnancy 
after fetal damage has occurred. 


Chemotherapy acute 
leukemia 


The use 4-aminofolic acid antagonists 
acute leukemia childhood started with 
the initial patients treated with 4-amino- 
folic acid Farber and his associates 
placed 4-aminofolic acid clinical usage 
costeroids and 6-mercaptopurine, the es- 
tablished therapy for acute 
children. The results treatment with the 
drug acute leukemia adults have been 
grossly disappointing. Several informative 
reviews this general area 
134-136 

The data patients from nineteen pres- 
entations symposium folic acid 
have been assembled this 
reviewer. 731 children, per cent were 
considered have been benefited. If, 
has been common practice some clinics, 
one excludes all patients who did not re- 
ceive days drug treatment, 627 chil- 
dren remain, whom per cent had 
complete remissions judged the re- 
porting investigator, per cent had partial 
remissions, and per cent had lesser 
degree improvement. Thus, per cent 
benefit. some patients, the contributions 
corticotropin and corticosteroids the 
clinical and hematologic improvement 
could not 163 adults 
discussed the same authors, only per 
cent had any evidence improvement 
all. survey the world literature con- 
ducted Sampey disclosed nearly 3,000 
patients with acute leukemia treated with 
folic acid antagonists. these, per cent 
were considered have sustained re- 

Since the time clinical introduc- 
tion folic antagonists, 6-mercaptopurine 
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has been found effective drug, 
even patients whom acute leukemia 
folic acid concurrent con- 
trolled study these two compounds was 
undertaken assess man some the 
chemotherapeutic principles that have been 
developed animals with 
mors. 

study group several cooperating in- 
vestigators placed all their 
tients with acute leukemia one three 
treatment programs random.* Drugs 
were administered orally doses deter- 
mined age and weight. The first pro- 
gram provided for the administration 
amethopterin for weeks; observation 
period weeks was followed weeks 
treatment with 6-mercaptopurine. 
therapeutic response frankly progressive 
leukemia was evident during any phase 
the study, prolongation curtailment 
that phase was accomplished uniform 
protocol used all The sec- 
ond program was identical with the first, 
except that 6-mercaptopurine was admin- 
istered first and followed amethopterin. 
The third program consisted the admin- 
istration amethopterin and 6-mercapto- 
purine full doses combination for 
single phase the study. the 285 pa- 
tients whose records were accepted for 
study, there were 128 patients less than 
years age (children) with acute 
lymphocytic and adults 
older than years with acute 
cytic leukemia. 

the acute lymphocytic 
group, children were treated with ame- 
ously occurred per cent. 
Other details remission status are given 
Table The role corticosteroids 
bringing about large part the re- 


*Acute Leukemia Study Group Clinical Studies 
juential and combination chemotherapy with antimetabo- 
ites (Methotrexate and 6-mercaptopurine) human 
leukemia. Observations, 1960; submitted for pub- 
ication, 
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missions cannot assessed, and these in- 
stances are therefore presented separately. 
The survivors the amethopterin phase 
who were treated with 6-mercaptopurine 
sustained more favorable remission expe- 
rience, the steroid cases are discounted. 

the second program, children were 
treated with 6-mercaptopurine first. The 
survivors who were then given amethop- 
terin did not differ significantly from those 
the first program whom amethopterin 
was given the first drug. Neither did 
amethopterin second treatment after 
6-mercaptopurine compare favorably with 
6-mercaptopurine second treatment 
following amethopterin. The groups are 


small, however, and the evidence must 


regarded present suggestive only. 

Administration the drugs combina- 
tion was not inferior terms either 
complete remissions produced (when con- 
trasted both phases the sequential 
programs) the total remission expe- 
rience. 

The study children failed provide 
evidence for the operation collateral sen- 
sitivity. The median duration complete 
remissions was the same for all treatment 
programs, but the longest remissions were 
group, suggesting that combined treatment 
had some merit. 

The results chemotherapy adults 
with acute myelocytic leukemia are de- 
cidedly inferior the experience with 
acute lymphocytic leukemia the young. 
(Table III.) 

Certainly, amethopterin barely active 
adult acute myelocytic leukemia, where 
only one complete and one partial remis- 
sion occurred forty total courses. 
should appreciated, too, that only seven 
forty-three courses 6-mercaptopurine 
adults with acute myelocytic leukemia 
resulted any remission status, and two 
these, the role corticosteroids un- 
certain. 

Conclusions from this study must await 
more searching analysis 
here, particularly with respect 
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patients less than years age 


Table II. Rates response treatment acute lymphocytic leukemia 
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Complete Remission with Total remission 
No. remission corticosteroids |Partial remission status 
Program patients (%) (%) (%) (%) 
First 
Second 
Third 
Amethopterin plus 


Patients were divided into the three programs random; see text. 


Data from Acute Leukemia Study Group Clinical Studies Panel, CCNSC, Frei, III, Chairman: study se- 
quential and combination chemotherapy with antimetabolites (Methotrexate and 6-mercaptopurine) acute leukemia. 


Observations, 1960; submitted for publication. 


longation life, concomitant toxicity, and 
comparability steroid use.* 

The effect folic acid antagonists 
survival acute lymphocytic leukemia 
has been considered Haut 
effects chemotherapy. 101 patients 
all age groups seen year period, 
the median survival from onset 
ment patients given corticosteroids 
followed folic acid antagonists was 
months. This was significantly shorter 
than for patients who received 
corticosteroids followed 
purine some time and often addi- 
tional drug. The median survival for these 
was months. Groups patients who 
received only two drugs, which one was 
either amethopterin 6-mercaptopurine, 
were then analyzed, but difference 
survival was found that would point 
superiority either antimetabolite. The 
authors concluded that the significant fac- 
tor prolongation survival lympho- 
blastic leukemia appears the number 


*Acute Leukemia Study Group Clinical Studies 
Panel, CCNSC, Frei, III, Chairman: se- 
quential and combination chemotherapy with antimetabo- 
lites (Methotrexate and 6-mercaptopurine) human 
acute leukemia. Observations, 1960; submitted for publi- 


cation. 


“effective” drugs used seriatim rather 
than the use any one 
This, course, only true when the 
drug activities are marginally effective. 
remarkably effective folic acid antagonist 
other drug should have recognizable 
survival. 

The effects folic acid antagonists 
patients with myeloblastic leukemia were 
not reflected increased 

The usual administration amethop- 
terin children with acute leukemia ac- 
complished daily oral schedule. Frac- 
tionation the dose resulting from failure 
warn the child’s mother against this 
practice can lead early intoxication. The 
usual daily dose 2.5 mg. may 
increased larger individuals de- 
creased infants. approximate level 
0.1 mg. per kilogram per day rea- 
sonable guide physiologic evidence 
drug effect has not yet appeared. Begin- 
ning evidence drug effect, e.g., falling 
leukocyte count decreasing node or- 
gan size, may occur within the first few 
days. other patients, 
tion may become obvious only after 
month more apparent clinical 
change. may particularly difficult 
see early effects patients who had leuko- 
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enia the outset. initial rise cir- 
culating platelet count and neutrophil and 
reticulocyte percentage the peripheral 
blood evidence regenerating normal 
marrow function. Marrow aspirations per- 
formed at, just before, these peripheral 
indications usually reveal decrease dis- 
appearance leukemic cells and reappear- 
ance normal hematopoietic cells. 

Toxic effects from the drug, clinical 
phenomena difficult distinguish from 
them, are not infrequent the course 
treating leukemic children not 
sion. The healthier child remission can 
often tolerate, maintenance dose, 
level which induced toxic effects during 
the active leukemic stage. 

Toxic effects the drug acute leu- 
kemia are the same other diseases, ex- 
cept for the much greater difficulty dif- 
ferential diagnosis from manifestations 
the leukemia itself. Chronic hepatic dis- 
ease leukemic children maintained for 
long periods the drug has been de- 
the leukemia other treatments. This 
type postnecrotic cirrhosis has not been 
described other patients given folic acid 
antagonists. 

Oral lesions folic acid antagonist in- 
toxication are often difficult distinguish 
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with certainty from oral lesions which oc- 
cur leukemia. Ulcerations the lingual 
with red gray shaggy base and sur- 
rounding erythema, are rather typical 
folic acid antagonist intoxication. Scaly 
lips, cracks the angles the mouth, ne- 
crotic slough the interdental papillae, 
and necrosis single papilla the 
tongue may all toxic manifestations too, 
but must differentiated from lip picking 
and dryness, leukemic infiltration the 
gums, and ulcerated petechial hemorrhages 
the submucosa. Pharyngitis and boggy 
edematous buccal mucositis, which one 
can readily see dental impressions, are 
somewhat more ominous than the lesser 
oral lesions. 

Dysphagia, manifestation eso- 
phageal ulceration and esophagitis, 
symptom serious intoxication. Abdominal 
pain, diarrhea, perianal perivulvar mu- 
cositis and dermatitis, and papulopustular 
folliculitis also occur relatively moderate 
doses and, even though less commonly, 
the first sign intoxication. Anorexia 
common with lesions the alimentary 
canal. Sensitivity the oral mucosa and 
unrecognized ulcers acidic 
such citrus fruit juice, can valuable 
sign. 


Table Rates response treatment acute myelocytic leukemia 


patients more than years age 


Complete 
No. remission 
Program patients (%) 
First 
Amethopterin 
6-Mercaptopurine 
Second 
6-Mercaptopurine 
Amethopterin 
Amethopterin plus 
6-Mercaptopuri 


Complete Partial remission 
remission with without Total remission 


corticosteroids corticosteroids status 
(%) (%) (%) 


Data from Acute Leukemia Study Group Clinical Studies Panel, CCNSC, Frei, Chairman: 
uential and combination chemotherapy with antimetabolites (Methotrexate and 6-mercaptopurine) acute leukemia. 


npublished observations, 1960. 
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More vigorous drug administration leads 
marrow suppression with leukopenia, re- 
ticulocytopenia, 
Less commonly, these effects are seen with- 
out any alimentary tract lesions. Toxic pan- 
cytopenia may difficult distinguish 
from subleukemic leukemia per se. 

One days’ observation possible 
toxic effect after discontinuing adminis- 
tration the drug will ordinarily clarify 
the diagnosis. wise, upon reinstitution 
amethopterin, start one-half dose 
for week after bout intoxication has 
cleared. the presence substantial leu- 
kopenia, marrow aspiration essential 
determine one suppressing regenerat- 
ing hematopoietic tissue wholly leu- 
kemic marrow. Leukopenia the presence 
cellular leukemic marrow not ba- 
sis stop administration the drug. 

Administration citrovorum factor 
patients receiving folic acid antagonists 
can lead healing toxic ulcerations de- 
spite continuation the antagonist. The 
time relationships not clearly establish 
that citrovorum factor accelerates healing. 
seems more reasonable believe that 
the presence large amounts exogenous 
citrovorum factor, folic acid antagonists are 
ineffectual standard doses and healing 
results when further folic acid antagonism 
Concomitant administration 
citrovorum factor and amethopterin 
acute leukemia allowed many times more 
amethopterin tolerated but did not 
enhance therapeutic 

Other schedules for amethopterin admin- 
istration patients with leukemia have 
been presented. Much the basis for these 
feriority other schedules one giving 
4-aminofolic acid every fourth day leu- 
kemia L-1210 shortly after transplantation. 
however, that mice with advanced leu- 
kemia, daily administration amethop- 
terin was superior less frequent admin- 
istration. 

Three times the daily dose amethop- 
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terin given every third day patients 
with acute leukemia was contrasted the 
daily administration the drug pa- 
tients. Although the patients 
domly allocated the two amethopterin 
regimens, all also received 6-mercap- 
topurine daily full dose level. signifi- 
cant difference remission rate survival 
could attributed the schedule ame- 
thopterin. Among those patients who did 
have remission, however, the daily ad- 
produce longer 

The effects large infrequent doses 
mg. per kilogram every have 
recently been the subject preliminary 
some degree remission status, but pro- 
found anorexia and other impressive tox- 
icity without obvious important concomi- 
tant therapeutic advantage suggest that 
this regimen will prove too toxic for clin- 
ical use. 

Attempts define the biochemical char- 
acteristics sensitivity and resistance 
drugs human leukemic cells are still 
cent observations have indicated that acute 
leukemic leukocytes contain approximately 
twice the level enzymes involved 
folic acid metabolism (such serine hy- 
droxymethylase, cyclohydrolase, 
hanced enzymatic activity was present 
the same time that lower levels glucose- 
6-phosphate dehydrogenase were found, 
thus demonstrating qualitative change 
enzymatic 


Intrathecal administration folic 
acid antagonists for central nervous 
system leukemia 


The emergence central nervous system 
leukemia common manifestation 
chemotherapeutically modified acute leu- 
kemia promoted interest the concentra- 
tions folic acid antagonists reaching th« 
cerebrospinal fluid and the feasibility 
direct installation drug into the sub- 
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arachnoid space. Using microbiologic as- 
say, Whiteside and found that 
after 0.33 mg. per kilogram amethop- 
terin (10 mg.) given orally boy with 
lymphosarcoma, amethopterin appeared 
the cerebrospinal fluid hour, reached 
hours, and fell per milliliter 
hours. Serum levels, however, reached 
peak 900 per milliliter hour 
and were down approximately 
per milliliter hours. contrast, intra- 
thecal administration 0.1 mg. amethop- 
terin per kilogram patients resulted 
cerebrospinal fluid levels approxi- 
mately 5,000 per milliliter min- 
utes, with simultaneous serum levels 
brospinal fluid levels five studies after 
single intrathecal dose 0.1 0.5 mg. 
amethopterin per kilogram ranged from 
500 per milliliter, the concentra- 
tion being approximately proportional 
drug dose, whereas serum levels were 
per milliliter. Clearly then, higher 
cerebrospinal fluid concentrations ame- 
thopterin could established with sub- 
found 
the cerebrospinal the third day 
after intrathecal administration. 

Clinical recognition “cerebral leuke- 
mia” was less common before the advent 
chemotherapy. Only pediatric case 
acute leukemia with symptoms central 
nervous system infiltration was found 
literature With the near univer- 
sality chemotherapy for leukemia, the 
syndrome has become much more prom- 
inent. large clinic, approximately 
per cent children have this complica- 
tion the time they have survived 
months, and the median survival time 
year, one-third children have de- 

Central nervous system 
juently appears time when systemic 


nond, and Sturgeon: Personal communication, 1960. 
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leukemia otherwise clinically undetect- 
able markedly suppressed during com- 
plete partial remission. probable 
that sequestration leukemic cells beyond 
the blood-brain barrier the subarachnoid 
space brain substance 
exposure critically sufficient concentra- 
tions antileukemic drugs, including folic 
acid antagonists. This mechanism has been 
considered the basis for intracranial 
pathologic states. addition, sequestered 
leukemic cells might serve nidus for 
repopulation marrow and other systemic 
tissues, themselves successfully rid leu- 
kemic infiltration because higher con- 
centrations 

first reported the use 
amino folic acid intrathecally penetrate, 
although mechanically, the blood-brain 
barrier. Sharp drop leukocyte counts 
the cerebrospinal fluid boys with signs 
“cerebral leukemia” was accompanied 
clinical improvement but the re- 
sponse was transient. Since that time, many 
patients have been treated with intrathecal 
amethopterin. Whiteside and his cowork- 
children with central nervous system leu- 
kemia lymphosarcoma. Symptoms began 
weeks. Improvement lasted for 
weeks. 

Cramblett reported children who sus- 
tained improvement the symptoms and 
signs associated with central nervous sys- 
tem leukemia. His patient note be- 
cause intrathecal administration mg. 
amethopterin three occasions, each 
days apart, produced complete symp- 
tomatic remission and return normal 
spinal fluid findings, the last only days 
before death. autopsy, however, exten- 
sive infiltration the dura 
meninges was 

The largest reported experience one 
clinic with various for central 
nervous system leukemia covers forty-eight 
the central nervous system disease was the 
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presenting symptom leukemia, and 
the remaining 30, appeared 928 
days (median 289 days) after onset the 
systemic evidence leukemia. pa- 
tients, the central nervous system abnor- 
malities were the only evidence active 
leukemia the time; the marrow, blood, 
and other organs these children were 
normal.* 

Fortunately, some concept the natural 
course disease without amethopterin 
provided from this Symptoms 
four ten episodes central nervous sys- 
tem leukemia patients subsided spon- 
taneously. lumbar puncture 
formed this group either for diagnosis 
therapy. Five another ten episodes 
patients subsided completely after lum- 
bar puncture alone. the two groups, 
some the symptomatic remissions may 
have been related the introduction 
matic episodes central nervous system 
leukemia patients were relieved 
radiotherapy for median duration 
days. 

one child who developed symptoms 
central nervous system involvement while 
receiving maintenance 4-aminofolic acid, 
oral drug was increased until she became 
severely intoxicated. Symptomatic neuro- 
logic remission ensued for 105 days. 
seems reasonable believe that higher 

Since November, 1957, Hyman and her 
associates have treated twenty-one episodes 
patients with 0.2 mg. intrathecal 
amethopterin per kilogram given 
ternate days for three six doses, or- 
dinarily total 0.8 mg. per kilogram 
four doses: Symptomatic relief occurred 
eighteen the twenty-one episodes. 
seven these instances, however, symp- 
tomatic relief followed diagnostic lumbar 
puncture and preceded intrathecal ame- 
thopterin. 


mond, and Sturgeon: Personal communication, 1960. 
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The median symptomatic improvement 
for the group whom complete relief oc- 
curred lasted only days. One refractory 
patient had ascending paralysis which was 
halted but not reversed. The other two re- 
fractory patients disease 
which had been resistant folic acid an- 
tagonist therapy from the Bene- 
fit from intrathecal amethopterin central 
nervous system leukemia has been seen 
many observers, however, patients 
whom systemic relapse from amethopterin- 
induced remissions has occurred. This sug- 
gests that the higher concentrations which 
can reached within the confines the 
subarachnoid space are enough affect 
partially resistant cells that sensitive 
members the original popula- 
tion have survived 
trates the central nervous system and 
its membranes. 

many, but not all, patients whom 
data are available, certain abnormalities 
the cerebrospinal fluid are repeatedly rec- 
ognized central nervous system leukemia. 
Increased pressure, pleocytosis with lym- 
phocytes hypoglycorrhachia, 
protein concentration may 
present varying combinations and 
degrees. These findings may all revert 
normal beginning about week after the 
start intrathecal amethopterin. Their re- 
turn normal, particularly the lowering 
cell count, does not represent abolition 
the leukemic infiltration the meninges 
brain substance, however. Persistence 
recurrence the infiltration the rule 
rather than the exception. Thus, intrathecal 
amethopterin constitutes useful palliative 
measure the control established leu- 
kemia the central nervous system, 
common manifestation the chemothera- 
peutically modified disease. Its more im- 
portant role, however, may possibly lie 
helping eradicate leukemic cells beyond 
the blood-brain barrier the outset anti- 
leukemic treatment patients with ap- 


mond, and Sturgeon: Personal communication, 1960. 
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parent leukemia the central nervous sys- 
tem. Appropriate clinical studies directed 
this problem have 


Other neoplastic disease 


The folic acid antagonists have not found 
accepted place the treatment other 
advanced cancers. large series treated 
with several different folic acid antagonists, 
with sarcoma and leukemia were de- 
scribed sustaining objective improve- 
Some these improvements seem 
little clinical use now, armed 
with years’ hindsight and several simi- 
lar therapeutic experiences. The patients 
sustained 116 bouts drug intoxication, 
which reflects the very narrow differential 
selectivity drug effect for the tumors 
studied. Other reports confirm the low de- 
gree activity miscellaneous advanced 

Recently, women with advanced 
breast cancer have been treated with ame- 
thopterin daily oral doses 2.5 
mg., although occasionally patient re- 
ceived much 12.5 mg. per day. Ob- 
jective improvement was observed 
the patients and began weeks 
after onset. The duration objective im- 
provement varied from weeks 
months, with median approximately 
weeks. Another patients showed equiv- 
ocal improvement; patients failed 
These results were attained with- 
out extraordinary evidence toxic effects 
and are somewhat better than those re- 
ported earlier studies folic acid an- 
tagonist treatment breast 

that folic acid antagonist treatment blocked 
estrogen-stimulated growth the imma- 
ture genital tract several species, ame- 
thopterin has been used attempt 
interfere with estrogen-induced (and an- 
drogen-induced hypercalcemia patients 
with metastatic breast Hypercal- 


Leukemia Study Group Clinical Studies 
Panel, CCNSC, Frei, III, Chairman: Unpublished data, 
1961. 
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cemia did not reappear hormone was 
added after amethopterin administration 
had begun, but elevation calcium con- 
centration might again occur when ame- 
thopterin was stopped. 
which was effective levels mild leuko- 
penia, may allow hormone-induced remis- 
sions breast cancer some patients who 
otherwise might have been prevented from 
reaching remission hypercalcemia. 

Parenteral administration repeated 
large infrequent doses amethopterin (2.5 
mg. per kilogram) patients 
with wide variety types advanced 
cancer produced objective evidence tu- 
mor regression 20. The duration re- 
sponse varied from weeks, with 
median weeks. Substantial intoxication 
interest that three eight carcinomas 
the tongue and pharynx demonstrated ob- 
jective decrease tumor size.* 

Sixteen patients with advanced cancer 
were with the oral amethopterin 
regimen introduced Li, Hertz, and 
for choriocarcinoma. Inconse- 
quential tumor responses were seen. 

Some activity folic acid antagonists 
has been seen chronic myelocytic leu- 
kemia several authors, but the con- 
sensus that remissions are short and 
inferior those obtained with many other 
164, 165 

study folic acid antagonists lym- 
phomas has recently been undertaken} 
effort see chemotherapeutic data 
from L-1210 lymphocytic 
could serve useful prediction 
index. One can say this time that ame- 
thopterin have 
recognizable antitumor activity lympho- 
sarcoma and reticulum cell sarcoma. Their 
therapeutic status has not yet been defined. 

The use amethopterin for multiple 


Shnider, Owens, and Condit: Personal com- 
munication, 1960. 

Regelson and Holland: Unpublished observa- 
tions. 


tEastern Solid Tumor Study Group, CCNSC, 
Zubrod, Chairman: Unpublished data. 
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basal cell carcinomas (in 
numbering the hundreds) has recently 
been studied Van Scott.* Approximately 
week after intravenous injection 
single large dose amethopterin, marked 
reaction occurred the tumors, character- 
ized bleeding and purulent exudation. 
Absence mitoses and cellular disintegra- 
tion were seen histologically. Those basal 
cell carcinomas which were erythematous 
originally (perhaps because 
growth some partial host were 
the most responsive drug. After vari- 
able period, most the basal cell car- 
cinomas recovered from the injury and re- 
sumed growth, although repeated doses 
amethopterin again might temporarily 
effective. few lesions clinically disap- 
peared. 

The tumor response was accomplished 
drug levels that did not induce clinical 
changes the normal skin, although oral 
mucosal lesions were sometimes seen. 


Regional administration 
amethopterin 


action antimetabolite effect has recently 
been reported Sullivan, Miller, and 
tempted pharmacologic division the 
patient into two areas: (1) tumor-bear- 
ing area undergoing drug treatment within 
regional circulation and (2) the re- 
mainder ‘of the body receiving metabolite 
protection against drug effect. Amethop- 
terin has been administered constant 
intra-arterial infusion the appropriate 
regional circulation provide intense ex- 
posure the neoplasm drug, while high 
doses citrovorum factor were adminis- 
tered intramuscularly compete with the 
effect sensitive structures such intes- 
tinal mucosa and marrow. After percutane- 
ous operative insertion polyethylene 
catheter, angiography was performed 
demonstrate the arterial bed infused. 
Thirteen men received arterial infusions 


Van Scott: Personal communication. 
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for inoperable epidermoid carcinomas aris- 
ing from, recurrent in, the oral, pharyn- 
geal, nasal, sinus mucosa. Four the 
obtained substantial decrease tumor 
size with marked local improvement, and 
additional the had partial tu- 
mor regression. The survival times 
these responsive patients were 11, 24, 53, 
and days, and patients with major im- 
provement were alive 30+, 44+, and 150+ 
days. the patients, leukopenia 
(400 2,000 per cu. mm.) and thrombo- 
cytopenia (40,000 110,000 per cu. mm. 
appeared, indicating that 
temic drug effects were occurring despite 
administration citrovorum factor. 

assess the importance these sys- 
temic effects amethopterin, the drug was 
infused intravenously doses comparable 
those used the intra-arterial technique 
men with similar epidermoid cancers 
the head and neck. These patients also 
received citrovorum factor the same 
fashion the intra-arterial study. 
patients, comparable degree hemato- 
logic depression was 
cytes 500 and 1,900 per cu. mm., platelets 
50,000 and 90,000 per cu. mm., respec- 
tively) the intra-arterial responders. 
These men had partial regressions 
tumor size for about weeks each. One 
died the thirty-fourth day. the re- 
maining men, tumor response was 
seen, although systemic effects the drug 
were less prominent: leukocytes 4,200, 
3,500, and presumably normal levels (in the 
last instance with moderate oral toxic le- 
sions). Other patients with miscellaneous 
tumors were treated with amethopterin, 
intraarterially and intravenously. Two 
transient responses (reticulum cell sarcoma 
and chronic myelocytic leukemia) were 
both ascribable systemic 
Two deaths associated with drug intoxica- 
tion occurred these patients with mis- 
cellaneous neoplasms. 

Certainly, the aim localized chemo- 
therapy without prohibitive 
icity valid approach the regional- 
ized incurable cancers often found the 
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head and neck (and gynecologic) areas. 
Dose schedules that allow attainment 
this goal have not yet been perfected. 
their later cases, Sullivan and his colleagues 
constant intra-arterial infusion daily for 
factor every hours intramuscularly. 
The results the intra-arterial and the 
intravenous infusion series not establish 
beyond question that systemic drug effects 
did not play major role tumor regres- 
sion. Further study this regional system 
merited and will doubtless define 
whether offers therapeutic advantage not 
attainable other ways. 


Folic acid antagonists and 
psoriasis 


The use folic acid antagonists rheu- 
matoid arthritis and psoriasis 
patients with rheumatoid arthritis had tran- 
sient increase mobility and decrease 
pain for periods lasting weeks 
dose levels 4-aminofolic acid which 
intoxication. Neutropenia was not 
observed. 

Psoriatic scaling stopped the fifth 
the tenth day all patients with this 
disease who were treated. Multiple small 
areas hemorrhagic crusting appeared 
psoriatic lesions, followed separation 
the crusts plaquelike aggregates, leaving 
residual purple epithelized area which 
faded. Relapse skin lesions occurred 
weeks after administration the folic 
acid antagonist was stopped. One patient 
each with long-standing chronic atopic 
eczema, chronic eczematized seborrheic 
dermatitis, and chronic discoid lupus had 
marked improvement after single courses 
4-amino folic acid toxic levels. addi- 
tion oral ulceration all patients, in- 
complete alopecia and diminished beard 
growth were seen some. Delayed heal- 
exuberant granulation tissue without ap- 
parent epithelial growth for month, and 
excoriation contacting skin surfaces, to- 
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gether with more impressive effects 
psoriasis than rheumatoid arthritis led 
the postulate that aminofolic acid ex- 
ercises greater effect epithelial than 
connective tissues. 

Widespread use folic acid antagonists 
the treatment psoriasis has evolved. 
estimated that there are 4,000,000 
psoriatic patients the United 
recent report 329 patients treated 
one group with 4-aminofolic acid (0.5 mg. 
daily for days) or, less commonly, with 
amethopterin emphasizes the extent the 
therapeutic 

the 329 patients, had lasting bene- 
fit from single course, frequency ac- 
cepted many observers compatible 
with the natural regression rate psoria- 
sis. earlier analysis the first 171 
patients this group, relapse from what- 
ever improvement had been achieved had 
Maintenance treatment was instituted 
many these patients, thus providing the 
largest number patients any kind 
treated over long periods time with folic 
acid antagonists. The incidence recog- 
nized toxic effects this large series was 
per cent, although hematologic studies 
were admittedly incomplete. Forty-one 
the 329 patients took more than sixteen 
courses 4-aminofolic acid, each course 
consisting 0.5 mg. daily for days, 
usually every days. The average 
total dose was 197 mg. taken period 
improvement per cent more 
skin lesions. 

the 329 patients, per cent sustained 
per cent more improvement some 
time. Treatment was discontinued many 
for unspecified reasons. patients, 
however, resistance apparently developed. 
All had had more than per cent clearing 
the lesions originally, and the 
had had more than per cent regression. 
Seven the patients who failed re- 
spond second course 0.5 mg. daily 
for days did subsequently respond 
more vigorous course. Twelve patients were 
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refractory two three additional 
courses, however, even high dose levels. 
quired resistance rapidly growing 
epidermal hyperplastic tissue that not 
neoplasm. 

The mechanism action amethop- 
terin and other 
pounds psoriasis has been studied 
Van His studies indicate that the 
mitotic arrest and inhibition epidermal 
hyperplasia which occur after local appli- 
cation colchicine podophyllotoxin are 
not produced systemic amethopterin. 
Rather, the effect amethopterin sim- 
ilar that local mercury 
carbonis detergens, with which inhibition 
cell growth apparently achieved 
different mechanism. One day after intra- 
venous administration amethopterin, 
mitoses all were seen the skin. Inter- 
ruption the hyperplastic overgrowth was 
accompanied increased formation 
fibrils) and 

interest that all three dermato- 
logic investigators cited above were unable 
produce regression psoriatic lesions 
local application per cent 4-amino- 
folic acid ointment per 
cent 4-aminofolic acid ointment pa- 
acid alkaline solution, even after re- 
moval the stratum corneum cellulose 
the latter instance, some trans- 
dermal absorption was proved the find- 
ing amethopterin the urine. These 
findings were interpreted evidence that 
the pharmacologic activity amethopterin 
might initiated distant site.” 

fortunate that the experience 
psoriasis is. already gained and behind us. 
One cannot but hope that the toxicity and 
potential hazards, when added the 
per cent relapse rate within months after 
receiving will discourage the use 
folic acid antagonists ambulatory 
psoriatic patients. those patients 
whom the total syndrome disease from 
psoriasis (with without arthritis) suf- 
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ficiently incapacitating, life threatening, 
refractory the many other less dan- 
gerous and often helpful therapies merit 
the risk, the folic acid antagonists may pro- 
vide temporary benefit. However, the long- 
term effects folic acid antagonists, 
marrow function, including leukemogene- 
sis, the alimentary canal, hepatic 
function, and the integrity the dor- 
solateral columns the spinal cord are un- 
known quantities. 


Folic acid antagonists, viruses, 
and immunity 


relationship between the manifesta- 
tions viral infection and folic acid 
metabolism was early noted the course 
investigating the properties folic acid 
antagonists. Rous sarcoma was completely 
inhibited for least days after implan- 
tation into newly hatched chicks fed 
folic acid deficient diet. Addition 100 
folic acid per chick per day allowed 
per cent the tumors grow. Compara- 
tive ranking folic acid antagonists 
treating this tumor chicks fed regu- 
lar mash disclosed that both amethopterin 
and 4-aminofolic acid were active, the lat- 
ter being the most effective folic acid an- 
tagonist 

Amethopterin was found have 
therapeutic effect for mice infected with 
laboratory-adapted strains feline pneu- 
monitis, vaccinia, influenza, western equine 
encephalomyelitis, None 
sixty various strains bacterial viruses 
were completely inhibited amethopterin, 
although ten were partially 

Recent chemotherapeutic trial ame- 
thopterin against the Friend virus leukemia 
mice revealed per cent inhibition 
splenic enlargement when measured 
weeks. The significance this result 
tempered the fact that forty-seven 
compounds the 110 tested had greater 

Evidence has accumulated that the ef- 
fects folic acid antagonists some virus- 
cell-host interactions are not dependent 
interference with virus proliferation. Haas 
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and his co-workers have shown that mice 
inoculated with ordinarily lethal doses 
lymphocytic choriomeningitis 
survive treated with 
with dietary folic acid The 
sparing effects amethopterin folic acid 
deficiency could dissipated adminis- 
tration citrovorum factor. Viremia pro- 
longed amethopterin-treated mice. When 
nonlethal, low doses lymphocytic chorio- 
meningitis virus were given control mice, 
viremia could demonstrated and im- 
munity rapidly developed. 
treated with amethopterin, however, vire- 
mia was demonstrable cardiac blood 
passage for more than Titra- 
tions intracerebral virus amethopterin- 
treated survivors showed concentrations 
similar those control animals which 
died. was concluded that survival from 
the effects folic acid deficiency antag- 
onism not due difference virus 
production. Furthermore, since the disease 
produced test animals the course 
determining virus titers was entirely typi- 
cal acute lymphocytic choriomeningitis, 
the increased survival the amethopterin- 
treated animals was not attributable re- 
duced virulence the 

Although the pathologic findings 
twenty-two animals examined early after 
amethopterin treatment suggested suppres- 
sion inflammatory response all but 
four, studies twelve animals killed from 
the twenty-first fifty-sixth day revealed 
eight instances full-blown lymphocytic 
choriomeningitis. Amethopterin did 
eliminate but rather delayed the inflamma- 
tory response. The presence virus and 
cellular infiltration causing death 
suggests that ordinarily death from lym- 
phocytic choriomengitis not attributable 
these two phenomena direct 
implication folic acid metabolism 
viral disease thus apparent. Humoral 
‘actors are being studied. 

Several lymphocytic 
amethopterin-resistant 
umor, was deliberately contam- 
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inated with lymphocytic choriomeningitis 
virus during vitro incubation. The tumor 
was then transplanted mice immune 
lymphocytic choriomeningitis. viremia 
was detectable. amethopterin-treated 
immune animals, however, sufficient com- 
promise host defense was produced 
allow for 

Compromise human immunity viral 
infection has been suspected children 
with acute leukemia other neoplasms 
treated with amethopterin. Fatal varicella 
developed child with neuroblastoma 
who was taking fatal in- 
stance giant cell pneumonia with ter- 
minal measles exanthem has been de- 
scribed infant with acute leukemia 
complete remission during amethopterin 
Recently, other children 
with acute leukemia complete remission 
from amethopterin administration have de- 
veloped severe, prolonged, fatal measles, 
confirmed recovery the Per- 
sistence the virus and depressed anti- 
body formation were observed. 
severe measles this type was seen 
comtemporary cases the area, neither 
had prior measles patients with acute 
leukemia been recognized this 
role amethopterin this interaction be- 
tween virus and leukemic host. note 
that this did not result the symbiosis 
seen mice with lymphocytic choriomen- 
ingitis infection treated with amethopterin. 

The effect amethopterin immune 
response has been demonstrated other 
systems involving cellular antigens. Five 
eight strains mice with genetic histo- 
logic incompatability for proliferation 
the amethopterin-resistant tumor P-288/A 
allowed progressive growth 
plasm when amethopterin treatment was 
This drug-permitted proliferation 
was interpreted evidence that inter- 
ference with host cell response the hom- 
ografted tumor had occurred. 

experiments with homologous marrow 
transplantation from parent strain 
hybrid mice irradiated the dose, 
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only one six mice When the 
irradiated mice with 
treated with amethopterin starting days 
after the graft, however, four seven mice 
survived days and looked well 
mice who had received isologous mar- 
row transplant. The three seven who 
died apparently succumbed 
other than homograft reaction. this 
experimental system, was necessary 
give drug toxic levels order avoid 
delayed homograft reaction. 
marrow donor-recipient pair, improve- 
ment survival occurred. Favorable influ- 
ence skin graft survival was seen 
some may that timing, 
toxicity, and host specificity will prove too 
nettling allow translation these ob- 
servations wider usefulness. The heu- 
ristic value such observations, however, 
and the possibilities modifying cellular 
and/or humoral immune responses merit 
high priority for investigation. 

Experiments detect effect ame- 
thopterin antibody formation pro- 
tein antigen rabbits, system where 
6-mercaptopurine highly have 
thus far been negative, although the maxi- 
mum tolerated dose the drug has not yet 

effect 4-aminofolic acid leuke- 
mogenesis has been reported small 
group rats. Two generations albino 
rats received 4-aminofolic acid 
food, continuously. The third, fourth, and 
fifth generations were then studied. Four 
nine rats the fourth and fifth genera- 
tions developed subacute myelocytic leuke- 
mia. Three twelve rats the second and 
third generation had hematologic and mor- 
phologic changes compatible 
leukemia. Four generations control rats 
were free from blood Extension 
these studies might provide rich yield. 


New antagonists 


Passing reference has been made eval- 
uation dichloramethopterin the treat- 
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ment choriocarcinoma and lymphoma. 
Although very many structural analogues 
folic acid and the pteridine nucleus and 
several 2,4-diaminopyrimidines have been 
studied for antifolic activity, there would 
appear recognized major advan- 
tage any these drugs clinical medi- 
cine. major exception seen the 
unique activities pyrimethamine, con- 
sidered previously this 

mice bearing leukemia L-1210, the 
substantial increase antileukemic activ- 
chloro-5’-bromamethopterin, and lesser 
extent other monohalogenated deriva- 
tives noteworthy. The survival time 
mice with advanced leukemia onset 
treatment has been extended from 
days untreated and days when treated 
with amethopterin over 100 days when 
optimal doses the new antagonists were 
given. Some mice were presumably cured 
the 

Recognition enhanced activity 
dichloramethopterin only when given par- 
enterally mice with serv- 
ing the basis for clinical trial present. 

seems admissible presumption, re- 
gardless the outcome the clinical trial 
with these particular drugs, that better 
folic acid antagonists may yet discov- 
ered and gain more extensive place 
the therapy human cancer. 

addition, the effects dietary de- 
ficiency folic acid the rat have re- 
cently been shown inhibit growth 
Walker carcinosarcoma 256, whereas ame- 
thopterin did not 

This effectiveness vitamin deficiency 
indicates pathways dependent folic acid 
metabolism but uninhibited amethop- 
terin. possible that similar effectiveness 
inhibiting neoplastic growth may 
found other animal tumors and man. 


indebted the many investigators who 
sent numerous reprints and personal communica- 
tions. also grateful Miss Marjory 
Spencer, Bibliographer the Cancer Chemo- 
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pertinent references. 
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Addendum 


Since completion this review June, 
1960, several reports have appeared which 
merit least brief mention. 

ductase the leukocytes all pa- 
tients with acute leukemia and chronic 
myelocytic leukemia, but not normal 
leukocytes, chronic lymphocytic leukemic 
leukocytes, erythrocytes, impor- 
tance. The human enzyme was inhibited 
the same low drug levels the enzyme 
from other sources, leading the surmise 
that was indeed primary target for folic 
acid antagonist patients 
with acute leukemia treated with amethop- 
terin, dihydrofolic reductase increased 
much five twenty fold association 
with the development 
This increased enzyme might tightly bind 
whatever drug gained entry the cell, and 
the susceptibility the patient’s normal 
cells precludes higher dose. Leukocytes and 
erythrocytes from patients with nonhema- 
topoietic neoplasms contain appreciable 
levels folic reductase after amethopterin 
treatment, too, indicating that cellular 
adaptation these normal cells also can 

Results some investigations with di- 
chloramethopterin have appeared. com- 
parative study against amethopterin, when 
both drugs were given orally, revealed 
difference patients less than years 
old with acute leukemia. Subsequent dis- 
covery that the advantage dichlor- 
amethopterin mice obtained only after 
parenteral led adequate 
parenteral trial another individuals 
less than years old with acute leukemia. 
The complete remission rate was only seven 
per partial explanation for the 
failure the superiority dichloramethop- 
terin mice observed man lies 
differential rates human metabolism 
the two drugs. Using the best technique 
available for measuring 4-aminopteroylglu- 
tamic acid compounds—the binding folic 
acid was found that 4.5 
hours, the levels dichloramethop- 
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terin and amethopterin were equal, despite 
the fact that five times much the 
dichlorinated compound had been given. 
Since the same proportion each com- 
pound was excreted the urine, the me- 
tabolism dichloramethopterin in- 
active compound must much more rapid 
than that 

The disposition and metabolism 
labeled dichloramethopterin has also been 
reported. About per cent par- 
enterally administered drug appears rapidly 
the bile, which the majority man 
occurs the 4,7-dihydroxy derivative 
dichloramethopterin and the remainder 
the unmetabolized drug. Recovery urine 
and feces drug and the single metabolite 

Continuing experience with the arterial 
infusion amethopterin with intramuscu- 
lar citrovorum factor administration has 
been favorably Significant ob- 
jective evidence tumor regression within 
the infused arterial bed has been described 
patients with epidermoid car- 
cinoma the head and neck and 
patients with carcinoma the cervix. Eight 
persons were observed sustain complete 
tumor regression, although some such pa- 
tients have subsequently had relapses. 

Amethopterin suppressed skin hypersen- 
sitivity and antibody production following 
immunization with diphtheria toxoid 
ovalbumin guinea pigs. The tuberculin 
reaction was also suppressed higher drug 

The isolation from horse liver es- 
sentially pure form folic acid com- 
pound, prefolic acid which has spectral 
similarities tetrahydrofolic acid, has been 
reported. The compound can oxidized 
tetrahydrofolic acid, and tetrahydrofolic 
acid can reduced prefolic acid 
Its chemical identity has not yet been 
established. 

Larrabee and Buchanan have indicated 
the existence new tetrahydrofolate co- 
factor containing one carbon substituent. 
With suitable coli enzyme and other 
cofactors, the one carbon fragment do- 


3 
x 
| 
a 
é 
5 
at 
= 


402 Holland 


nated homocysteine form methionine, 
and tetrahydrofolate released. The new 
cofactor does not replace folate tetra- 
hydrofolate growth factor for 
faecalis citrovorum. Preliminary indi- 
cations are that the one carbon fragment 
methyl 

Wahbe and have presented 
persuasive evidence that dihydrofolate 
formed equimolar proportion from 5,10- 
methylenetetrahydrofolate when deoxyuri- 
dylate converted thymidylate. Thus, 
the donation tetrahydrofolate hydrogen 
the methyl group thymidylate, leav- 
ing dihydrofolate, appears established. 

Other investigations the biosynthesis 
thymidylate with extracts Str. faecalis 
have suggested that 4-aminofolic acid 
without effect substrate amounts tetra- 
hydrofolic acid are present. only catalytic 
amounts tetrahydrofolate dihydro- 
folate were present, however, the necessary 
reduction regenerate tetrahydrofolate 
was markedly sensitive 4-aminofolic acid. 
this system, DPNH appeared 

The recent synthesis tetrahydroamino- 
folic acid under conditions designed pro- 
tect from oxidative destruction has been 
reported. Whereas early reports de- 
creased activity presumably unprotected 
hydrogenation products 4-aminofolic 
acid have been published, the tetrahydro- 
aminofolic acid prepared Kisliuk showed 
considerable enhancement antifolic ac- 
tivity Str. faecalis and Ped. cerevisiae. 
The inhibition was readily reversed 
citrovorum factor, however, suggesting that 
tetrahydroaminofolic acid does not bind 
tightly its target enzyme sites, contrast 
the nearly irreversible binding folic 
reductase the unreduced homologue, 
aminofolic 
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Book reviews 


Disease and the Advancement Basic 
Science, edited Beecher. Cam- 
bridge, Mass., 1960, Harvard University 
Press. 416 pages. $12.50. 


The Lowell lectures 1958, edited 
Professor Beecher and recorded this vol- 
ume, are intended corroborate the thesis 
that the study disease processes man 
constitutes important, and some cases 
unique, aspect the pursuit funda- 
mental natural science. The validity this 
general thesis most convincingly illus- 
trated the contributions twenty-one 
authors, each leading authority 
speciality. 

The choice and scope the diverse 
topics attribute almost encyclopedic 
character this volume, with 
emphasis tracing the development 
fruitful current ideas and concepts medi- 
cal sciences their origin. Beyond record- 
ing authoritatively these accounts which 
all contributors, their respective fields, 
played eminent role, seems that 
the entire monograph pervaded 
profound and scholarly sense 
continuity science, respect for the 
creative investigator, and deep appre- 
ciation the social responsibility medi- 


410 


cal science. The latter most strongly 
emphasized René Dubos, who deline- 
ates aspects medicine which fall into 
the realm “social technology” and who 
explores effects the physician’s activity 
the ecology the species man. 

The most obvious way which basic 
medical science can benefit from the study 
disease processes man undoubtedly 
provided those instances which dis- 
ease—in Professor 
organism. this, disease 
experiment, except that occurs without 
deliberate planning. Traumatic 
sions, endocrine disorders, and disturbances 
nutrition, intermediary metabolism, and 
homeostatic forces attest the significance 
this view and are competently illustrated 
the lecturers these topics. Occur- 
rences these disorders are instrumental 
delineating the “normal”; and explana- 
tion natural phenomena, generally 
believed, consists imposing order and 
context individual occurrences, the ab- 
normal should much encompassed 
the explanation the normal. 

There are also other, more unpredictable 
and subtle ways which clinical observa- 
tion can assume significance for funda- 
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mental biologic comprehension. Weiss 
emphasizes the “unbroken continuum 
life processes” and, matter what level 
complexity one enters the exploration 
life processes, there way telling 
what will prompt illuminating idea 
original flash insight—“a clinical ob- 
servation laboratory experiment 
amphibian embryos.” Professor 
study subjective responses exemplifies 
yet another role clinical research: quan- 
titation sensation and mood capable 
revealing the personal private 
aspect subject-environment interactions 
and its modification drugs. Thereby, 
clinical research adds fundamental insight 
into human behavior and prevents 
edge drug effects from being deprived 
singularly important dimension. 

This inspiring volume, apart 
senting delightful collection illuminat- 
ing lectures large variety topics 
academic and practical medicine, 
ingly attests two issues: that natural 
science cannot flourish, neither indeed can 
exist all, vacuo and that there 
basis unity medical sciences. that 
sense, this lecture series implements most 
fittingly Sir William Bragg’s view that 
“there only one natural world, and only 
one knowlede it.” 

Gerhard Werner 


The Metabolism Cardiac Glycosides, 
Wright. Springfield, 1960, 
Charles Thomas, Publisher. pages. 
$4.75. 


space-filling bibliography 164 refer- 
ences, Dr. Wright presents concise ac- 
count the cardiac glycosides. Although 
the title indicates that metabolism the 
cardiac glycosides will the major con- 
sideration, this turns out not the case. 
There are brief sections 
structural considerations pages); 
attempt, which quite unsuccessful, 
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provide basis for structure-activity rela- 
tionships pages); methods for exam- 
ining tissues and urine for glycosides (13 
pages); the absorption the cardiac 
glycosides pages); their distribution 
organs and tissues pages); and 
their excretion the urine, bile, and in- 
testine (10 pages). There remain pages 
which are devoted the metabolites 
the glycosides that are thought exist and 
what little known them and 
pages which cover vitro investigations 
metabolic problems. All summed 
pages. Total—86 pages. 

The language, true, simple and 
direct, but all all, this small work adds 
up, best, simple summary review 
few pharmacologic aspects the cardiac 
glycosides; fails live the promise 
made the title, The Metabolism 
Cardiac Glycosides. 

Walter Modell 


Style Guide for Chemists, Fieser 
and Fieser. New York, 1960, Rein- 
hold Publishing Corporation. 116 pages. 
$2.95. 


addition their important and au- 
thoritative books organic chemistry, the 
Fiesers have written small book writ- 
ing which for clarity, brevity, and direct- 
ness wonderful example what 
recommends for others and, indeed, what 
they should attempt emulate. The title 
unfortunately suggests that the book for 
chemists only; actually the first pages 
are applicable who would write. The 
remaining pages have information useful 
only for the chemist, but this should not 
deter the physician who writes from read- 
ing the first part the book, which one 
the concisest statements style, sur- 
passed only, perhaps, the White-Strunk 
Elements Style. And the physician 
already has that current best seller, can 
see need have this book also. 

Walter Modell 
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Toxic Phosphorus Esters: Chemistry, Me- 
tabolism, and Biological Effects, 
Richard O’Brien. New York, 1960, 
Academic Press, Inc. 434 pages. $14.50. 


This book addressed chemists and 
biologists and intended source 
book organophosphate research and 
show how our understanding the events 
that follow organophosphate poisoning 
animals can explained terms events 
the molecular level. Critical review 
large body data and careful organization 
have enabled the author accomplish this 
objective admirably. 

The orientation largely chemical. The 
reactions the organophosphates vitro 
are reviewed with emphasis presentation 
material which aid understand- 
ing the vivo reactions. The discussion 
generally utilizes the reactions prototype 
compounds, but details the reactions 
many specific compounds are also included, 
usually tabular form. Discussions the 
nonenzymatic reactions, the effects the 
compounds cholinesterases, the effects 
cholinesterases the compounds, and 
synthetic and analytic techniques are in- 
cluded. 

This material forms the basis for the dis- 
cussion the biologic actions the or- 
ganophosphates. The principal emphasis 
toxicity, both mammalian 
but considerable attention given other 
actions such the effects ion permea- 
bility and the metabolism specific com- 
pounds. The section nerve and muscle 
function affected the anticholines- 
terases the clearest and most objective 
attempt separate fact from theory this 
field that have seen. Particularly interest- 
ing the section selective toxicity 
where attempt made correlate the 
structural and chemical properties the 
various compounds with their relative tox- 
icities for different species. 

The organization the book excellent, 
the presentation clear and readable. ex- 
tensive bibliography included each 
chapter. The specialist likely find the 
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coverage his field too brief; will find 
the review related material informative 
and valuable. The neophyte will appreciate 
the skillful presentation basic material 
and the careful integration chemical and 
biologic data. 

Frank Standaert 


Handbook Chemistry and Physics, forty- 
second edition, edited Hodg- 
man. Cleveland, 1960, Chemical Rubber 
Publishing Company. 3481 pages. $12.00. 


far back can remember, the 
Handbook Chemistry and Physics has 
been unique treasure chest informa- 
tion. has always seemed contain all 
conceivable factual information 
many aspects the broad field covers, 
mainly tabular form. And each (nearly 
annual) edition brought completely 
date. 

The book has grown enormously with the 
years, more than 1,000 pages fifteen edi- 
tions, the present 3,500 closely packed 
pages. new tables are added with each 
edition (twenty-two the current one) 
and those already included are ex- 
panded, seems almost inevitable that 
despite the use thinner stock, will not 
long before the book will have 
published more than one volume. The 
current edition ‘inches thick and 
somewhat difficult handle. matter 
fact, the extensive mathematical tables 
and the tables for identification organic 
compounds (expanded) are each available 
separate volumes. 

The forty-second edition, many past, 
divided into five sections: the mathe- 
matical tables, tables properties and 
physical constants, general chemical tables, 
tables heat and hygrometry, and tables 
quantities and units. Each monu- 
mental collection data. 

addition, there small section hid- 
den among some more sophisticated mate- 
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rial which recall being very much the 
same years ago; entitled “Labora- 
tory Arts and Recipes” and explains such 
things how blue steel and iron, how 
make Khotinsky cement, how make 
mirrors, and how mount cross hairs for 
optical system with fibers from spider 
webs. Although these may useful, 
seems unlikely that anyone would think 
looking for them this only fair 
say also that, the Handbook notwith- 
standing, indeed very difficult ob- 
tain spider web fibers from dealers 
scientific apparatus. would recommend 
this section deleted except that not 
know where else one might find instruc- 
tions mounting spider web fibers. And 
very short section and amusingly old 
fashioned. 

The book exceedingly well organized, 
the tables are easy read, and, once one 
gets acquainted with the book, there 
trouble finding things. The editors are 
congratulated maintaining the high 
standards this book through the past 
years. think that every laboratory worker 


should have copy his own. 
Walter Modell 


New and Nonofficial Drugs 1961, issued 
under the direction and supervision 
the Council Drugs the American 
Medical Association, Philadelphia, 1961, 
Lippincott Company. 849 pages. 
$4.00. 


Much remains before this 
attain the stature its predecessor, New 
and Nonofficial Remedies. However, 
annual selection proprietary drugs with 
detailed descriptions, still far 
all others available, since, varying de- 
gree, the latter tend merely uncritical 
collections brochure literature. For bet- 
ter worse, therefore, New and Non- 
official Drugs 1961 recommended. 
Walter Modell 
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Physicians’ Desk Reference 1961, fifteenth 
edition. Oradell, J., 1961, Medical 


Economics, Inc. 940 pages. 


Modern Drug Encyclopedia, eighth edi- 
tion; edited Fein. New York, 
1961, The Reuben Donnelley Cor- 
poration. 1649 pages. 


These books may well reviewed to- 
gether despite the fact that the first given 
free almost every practicing physician 
the country and the other costs $17.50. 

Both are listings drugs currently the 
market this country. The arrangement 
the descriptions according proprietary 
name; thus, the same drug may de- 
scribed six more times without any indi- 
cation this duplication. The descriptive 
material patently supplied the manu- 
facturer. 

Both books contain extensive manufac- 
turer and therapeutic indices. Since the 
therapeutic indications seem come from 
package material and 
chures, the applicability the drugs avail- 
able seems vast and the number drugs 
available for all man’s ills seems more 
than adequate. 

The essential differences between the 
books, other than the cost, are that whereas 
the PDR inches thick, printed 
rather poor stock, and general fairly 
skimpy job which drug product descrip- 
tions are grouped according manufac- 
turer, the Modern Drug Encyclopedia 
inches thick, well printed good 
stock, has far more extensive quotations 
from package materials, and lists drug 
product descriptions alphabetically accord- 
ing proprietary names. supple- 
mented each month small addendum 
keep date. The Modern Drug 
Encyclopedia published every years 
and well enough bound stand for 
longer than that. The monthly supplements 
are included the price. 

Neither book had editorial policy that 
apparent me. 

Walter Modell 
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American Drug Index 1961, Wil- 
son and Jones, Philadelphia, 1961, 
Lippincott Company. 791 pages. 
$6.75. 


The American Drug Index represents 
annual contribution Doctors Wilson and 
Jones considerable substance. the 
most comprehensive, compact listing 
drugs and drug mixtures the American 
drug market. Unlike some the others, 
e.g., the Modern Drug Encyclopedia and 
the Desk Reference, lists 
drugs under generic well proprietary 
names and attempts show which drugs 
with different trade names are the same 
materials. Thus one finds that metham- 
phetamine sold under more than twenty 


Books received 


Beckman, H.: Pharmacology: The Nature, Action 
and Use Drugs, ed. Philadelphia, 1961, 
Saunders Company. 805 pages. 


Beckman, H., Editor: 1960-61 Year Book Drug 
Therapy, Chicago, 1961, Year Book Publishers, 
Inc. 587 pages. $8.50. 


Camponovo, E., and Bandoni, J.: Farma- 
cologia: Materia medica terapeutica, vols. 
and III, Buenos Aires, 1955, 1957, 1960, Lopez 
Etchegoyen, S.R.L. 1,923 pages. 


Conn, F., Editor: Current Therapy—1961, 
Philadelphia, 1961, Saunders Company. 806 
pages. $12.50. 


Faulconer, A., Jr., and Bickford, G.: Electro- 
encephalography Anesthesiology, Springfield, 
1960, Charles Thomas, Publisher. pages. 
$4.75. 


Fein, D., Editor: Modern Drug Encyclopedia, 
ed. New York, 1961, The Reuben Donnelley 
Corporation. 1,649 pages. $17.50. 
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different trade names. also indicates that 
methamphetamine sold under various 
names combination with aminophyllin, 
atropine, butabarbital, caffeine, chlor-tri- 
meton, 
acid, estrogens, ferrous gluconate, gram- 
acidin, hyoscine, methapyrilene, methyl- 
cullulose, methyltestosterone, 
salicylamide, sulfacetamide, sulfathiazole, 
thyroid, thyrotricin, and assortment 
vitamins. Little else said about drugs 
besides their composition. 
Keeping with new drugs is, itself, 
stupendous undertaking, but the matter 
the irrational drug combinations seems 
insuperable. Yet Doctors and Jones 
seem have done it. find book most 
useful. 
Walter Modell 


Flach, F., and Regan, F.: Chemotherapy 
Emotional Disorders, New York, 1960, McGraw- 
Hill Book Company, Inc. 314 pages. $10.00. 


Forster, M.: Evaluation Drug Therapy, 
Madison, 1961, The University Wisconsin 
Press. 167 pages. $4.00. 


Heffter, von A., and Heubner, von W.: 
Handbuch der experimentellen pharmacologie. 
Band. The Alkali Metal Ions Biology (von 
Ussing, Kruhoffer, Hess Thaysen, and 
Thorn), Berlin, 1960, Springer-Verlag. 598 
pages. $20.00. 


Hodgman, D., Editor-in-Chief: Handbook 
Chemistry and Physics, ed. 42, Cleveland, 1960, 
Chemical Rubber Publishing Company. 3,481 
pages. $12.00. 


Hodgman, D., Editor-in-Chief: Tables for 
Identification Organic Compounds (Supplement 
Handbook Chemistry and Physics), Cleve- 
land, 1960, Chemical Rubber Publishing Com- 
pany. 241 pages. $7.00. 


1 
| 
q 
| 
4 
| 
> 
5 
| 
| 
| 
7 
: 
j 
| 
| | 
| 


Volume 
Number 


Larson, S., Haag, B., and Silvette, H.: To- 
bacco: Experimental and Clinical Studies, Balti- 
more, 1961, Williams Wilkins Company. 932 
pages. $20.00. 


Lewis, J.: Introduction Pharmacology, 
Edinburgh and London, 1960, Living- 
stone, Ltd. (Williams Wilkins Company, 
Baltimore, exclusive agents). 826 pages. 
$11.00. 


New and Nonofficial Drugs 1961 (Issued under 
the direction and supervision the Council 
Drugs the American Medical Association), 
Philadelphia, 1961, Lippincott Company. 849 
pages. $4.00. 


Parkes, S., Scientific Editor: Symposium: Hypo- 
thermia and the Effects Cold, British Medical 
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Bulletin, vol. 17, No. January, 1961, London, 
The British Council. pages. $3.25. 


Physicians’ Desk Reference 1961, ed. 15, Oradell, 
J., 1961, Medical Economics, Inc. 940 pages. 


Quenouille, H.: The Fundamentals Statisti- 
cal Reasoning (Number three Griffin’s Statistical 
Monographs Courses, edited Kendall), 
New York, 1958, Hafner Publishing Company. 
169 pages. $4.25. 


Schueler, W.: Chemobiodynamics and Drug 
Design, New York, 1960, McGraw-Hill Book Com- 
pany, Inc. 638 pages. $19.50. 


Wilson, O., and Jones, E.: American Drug 
Index 1961, Philadelphia, 1961, Lippincott 
Company. 791 pages. $6.75. 


| 

Yr 

q 

| 

| 

4 

{ 

i 

| 

i 


Correspondence 


The drug explosion 


From medical student 


Modern day advertising, opinion, 
clearly designed appeal one’s emo- 
tions with its glib claims “biggest, best, 
fastest, safest, and fashionable,” 
rather than one’s sense reason and 
good judgment. Obviously 
ness concerns would not continue this prac- 
tice unless gave the best results, 
take indication the level in- 
telligence the average American. 

distresses see identically the 
same tactics being used the pharma- 
ceutical companies—the 
and falsehoods. Not that medical men 
objective enough avoid being 
taken in, but they must spend much valu- 
able time analyzing the new drugs and 
claims their producers, they must 
resign themselves missing the occasional 
new and more useful drugs that are pro- 
duced. This task great, even for physi- 
cian with much wisdom and experience. 

But consider student young doctor. 
are tender bait. are besieged 
free literature, free samples, complimentary 
reference books, journal advertisements, 
and the like mad rush the pharma- 
ceutical companies each trying make 
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his own impression while the “putty soft.” 
Traditional, proved pharmacology ob- 
scured. Our pharmacology course seems 
like old-fashioned medicine. lose sight 
the fact that drugs are potent molecules 
acting such inside complex system 
molecules upon which life depends. 
Drugs are positively stated what they 
are not, and one drug might have many 
five ten different names from 
many producers. 

For young doctor, keenly aware his 
responsibility for human life, devoted 
his desire provide the best care can, 
and burdened with the task learning 
portion medical knowledge, this exploi- 
tation the pharmaceutical companies 
confusing and misleading. personally feel 
completely unjustified and immoral. 

McTammany 
Duke Hospital, Box 2798 
Durham, 


From practitioner 


Obviously, from the editorial the front 
the book and Dr. Friend’s proposals for 
more rational therapy the end, you 
greatly concerned about the current situa- 
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tion with regard the overwhelming flood 
proprietary drugs. Perhaps did not 
occur you, but your lone entry the 
Correspondence section contains the solu- 
tion much today’s iatrogenic dis- 
ease: “The reason ... the leech. 
[Remove the leech, and]—the sick person 
only after one week becomes well!” 

Clark Balmer, M.D. 
266 Runnymede 
Toronto, Ont. 


From teacher clinical pharmacology 


After reading your editorial the cur- 
rent issue CLINICAL PHARMACOLOGY AND 
THERAPEUTICS, feel must tell you how 
much agree with all you have said and 
let you know how much you have spoken 
for most the field. 

Aside from the harm and confusion done 
the present state affairs patients 
and physicians, life for clinical phar- 
macology being made steadily more dif- 
ficult and our attention directed from the 
essentials the multitude the unessen- 
tial and unnecessary, which none the less 
intrudes medical: practice. 

agree with you that self-control and 
self-education would preferable con- 
trol from above, and only hope that these 
sentiments will make headway the right 
quarters. 

Frederick Wolff, M.D. 

Assistant Professor Medicine 
Division Clinical Pharmacology 
The Johns Hopkins Hospital 
Baltimore, Md. 


From general pharmacist 


Many pharmacists are just upset 
you concerning the vast duplication and 
“explosion” “new” drugs the past few 
years. can look around the prescription 
department and see many, many examples 
needless duplications all sorts types 


carry ten different oral diuretics stock? 
This does not even include the “logical 
combinations” diuretics with other 
drugs. really necessary for six different 
companies market identical products 
potassium phenethicillin? shudder when 
think how many kinds antihista- 
mines must shelves! 

This duplication similar products 
one the biggest headaches the retail 
pharmacist and great factor the cost 
prescriptions today. hope that the 
pharmaceutical companies realize that the 
day reckoning here and that they will 
stop this outpouring duplications and 
concentrate developing really new com- 
pounds. 

John Blower 

Donnelly Pharmacy 
1636 South Seventh St. 
Terre Haute, Ind. 


From hospital pharmacist 


Congratulations the timely editorial, 
“The Drug Explosion,” published 
CAL PHARMACOLOGY AND 
The editorial should penetrate the core 
all discerning and discriminating prescrib- 
ers who can indeed help stem the tide 
“the drug explosion.” 

would appreciate receiving twelve re- 
prints this editorial, possible, order 
that may distribute key medical staff 
members our hospital. 

Claude Paoloni, Chief 

Pharmacy-Central Supply 

The Moses Cone Memorial 
Hospital 

Greensboro, 


From the American College 
Apothecaries 


would very much appreciate receiving 
2,100 copies your recent editorial, “The 
Drug Explosion,” which appeared cur- 
rent issue PHARMACOLOGY AND 
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THERAPEUTICS. would like distribute 
copies this editorial the Fellows 
the American College Apothecaries. 
Robert Abrams 
Executive Secretary 
American College Apothecaries 
Hamilton Court 
39th and Chestnut Sts. 
Philadelphia, Pa. 


From drug consultant 


greatly enjoyed reading your editorial, 
“The Drug Explosion.” 

far Dr. Barr’s statement that 
there are 140,000 medicaments current 
use concerned, this the situation. 
the time Dr. Barr published his statement, 
checked into the matter and learned 
that had used the basis informa- 
tion voluminous price list book known 
Drug Topics Red Book and published 
the Topics Publishing Co., Inc. This 
book publishes prices not merely ethical 
drugs but proprietaries, toilet goods and 
cosmetics, and other household merchan- 
dise. The figure 140,000 does not even 
refer the number products, but the 
number items listed. That is, each new 
dosage form and each new package size 
product considered new item. 

The total number medicinal products 
probably not larger than 12,000, and 
many these are not marketed nationally. 

Paul Haen 
West 42nd St. 
New York, 


From pharmaceutical manufacturer 


CAL PHARMACOLOGY AND THERAPEUTICS and 
more particularly head the research 
operations The Upjohn Company, the 
editorial, “The Drug Explosion,” the 


Clinical 
and Therapeutic. 


concern 

problems this type, must first 
very certain that are using the same 
guidelines and definitions. start 
this direction, would like request that 
you supply with answers the follow- 
ing two apparently simple questions which 
believe are crucial the problems in- 
volved and which there must reason- 
able agreement: 

List all the “truly new drugs” that 
were made available during the year 
period 1951 1960. Such list would give 
“truly new drug.” 

What you consider reasonable 
cross-licensing arrangement? think you 
will agree that delineation the basic ele- 
ments such arrangement are essential 
before trying solve the problem. 

Schreiber 

Vice President for Scientific 
Administration 

The Upjohn Company 


Kalamazoo, Mich. 


From public welfare worker 


part-time Supervisor Medical Serv- 
ices the Essex County Department 
Public Welfare, have been trying for 
years persuade doctors not prescribe 
drugs just because they are new and fran- 
tically advertised, because their expense 
danger because was not function. 
The reaction Essex County doctors was 
violent. They would brook interference 


advice—except from detail men. Your 
article better than anything have seen. 
fact would like send one each 


physician the county. 
Harold Harris, M.D., 
Westport, Essex County, 
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Announcement 


American Therapeutic Society 
62nd Annual Meeting, Essex House, New York, Y., June 23-24, 1961 


Scientific sessions 


Friday, June 


9:00 Opening Remarks 
Arthur DeGraff, M.D. 


9:05 a.m. Words Welcome 
William Rawls, M.D. 


9:10 a.m. Presidential Address 


President Harry Ungerleider, M.D., Presiding 


9:20 The Bedside Challenge 
Austin Smith, M.D., Washington, 


9:35 a.m. Cardiac Work Continuation Cardiac Therapy 
Arthur Kerkof, M.D., Henry Blackburn, M.D. (by invitation), and 
Charles Kolars, M.D. (by invitation), Minneapolis 


9:50 Evaluation Coronary Artery Vasodilators 
Arthur Master, M.D., New York 


10:05 a.m. Sodium Tolerance Digitalized Cardiacs Method Evaluating Diuretics 
and Guide Diuretic Therapy 

Solomon Fisch, M.D., Ph.D., Robert Sperber, M.D. (by invitation), Bennett 
Lustgarten, M.D. (by invitation), Ambrose Boyle, M.D. (by invitation), 
and Arthur DeGraff, M.D., New York 


10:20 Clinical Experience With Quinethazone, Orally Effective Diuretic Agent 


Robert Seller, M.D. (by invitation), Morton Fuchs, M.D., and John 
Moyer, M.D., Philadelphia 


10:35 a.m. Intermission 
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10:45 


11:00 a.m. 


11:15 


11:30 a.m. 


11:45 


2:00 


2:45 


3:00 
3:10 


3:30 
3:50 P.M. 


4:10 


Vice-President Joseph Edwards, M.D., Presiding 


The Paradoxical Effect Chlorothiazide and/or Spironolactone Patients 
With Diabetes Insipidus 

Herbert Kupperman, M.D., Ph.D., and Jeanne Epstein, M.D. (by invita- 
tion), New York 


Study p-Bromphenylindandione, New Anticoagulant 
Mark Singer, M.D. (by Solomon Fisch, M.D., Ph.D., and Arthur 
DeGraff, M.D., New York 


Anticoagulant Prophylaxis Against Pulmonary Embolism: Cause Recur- 
rent Left Ventricular Failure 
Benjamin Manchester, M.D. (by invitation), Washington, 


Evaluation the Antiarrhythmic Properties Antazoline 
Kline, M.D. (by invitation), Dreifus, M.D. (by invitation), 
Brest, M.D. (by invitation), and Likoff, M.D. (by invitation), Philadelphia 


Hypocholesteremic Agents: Comparative Study 
Philip Lisan, M.D. (by invitation), Wilbur Oaks, M.D. (by invitation), Sheldon 
Bender, M.D. (by invitation), and John Moyer, M.D., Philadelphia 


President-Elect George Griffith, M.D., Presiding 


The Seventh Oscar Hunter Memorial Award Therapeutics 
Hattie Alexander, M.D., New York 


Complications Total Cardiopulmonary Bypass Open Heart Surgery 
Gerald Pratt, M.D., William Wolff, M.D. (by invitation), John Comer, M.D. 
(by invitation), David Barr, M.D. (by invitation), and Stanley Giannelli, M.D. 
(by invitation), New York 


Intermission 


Vice-President Adrian Lambert, M.D., Presiding 


Five Years’ Experience With Chemotherapy Metastatic Choriocarcinoma 
and Related Trophoblastic Disease Women 
Roy Hertz, M.D. (by invitation), Bethesda 


Cooperative Studies Cancer Chemotherapy 
Julius Wolf, M.D., New York 


Precision Radiation Surgery Applied Bladder Carcinoma 
Thomas Johnson, M.D., New York 


Present Status Perfusion Cancer Chemotherapy 
Adrian Lambert, M.D., New York 


Saturday, June 


9:00 


Chairman the Council William Rawls, M.D., Presiding 


Therapy Periodic Disease 
Hobart Reimann, M.D. (by invitation), Philadelphia 
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9:15 


9:30 A.M. 


9:45 A.M. 


10:00 A.M. 


10:15 A.M. 


10:30 


10:40 a.m. 


11:05 a.m. 


11:30 a.m. 


2:00 


2:15 
2:30 


2:45 


3:00 
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The Action Oxyphencyclamine Hydroxyzine Gastric Acid Secretion With 
Reference the Use Intragastric Electrodes 
John Gambescia, M.D. (by invitation), Philadelphia 


Management Fatigue: Physiological Approach 

Daniel Shaw, M.D. (by invitation), Murphy Chesney, M.D. (by 
invitation), Frank Tullis, M.D. (by invitation), and Agersborg, Jr., 
Ph.D. (by invitation), Philadelphia 


Preliminary Observations the Effect Serotonin Inhibitors Clinical 
Medicine 
Arthur Scherbel, M.D., Cleveland 


Clinical Pharmacology Guanethidine 
Albert Brest, M.D. (by invitation), Paul Novack, M.D. (by invitation), and 
John Moyer, M.D., Philadelphia 


Evaluation New Treatment Patients With Schizophrenia and Involu- 
tional Depressions 

Miller, M.D. (by invitation), Dennehy, M.D. (by invitation), Shettel, 
M.D. (by invitation), Hand, M.D. (by invitation), and Fiedler, 
M.D. (by invitation), Philadelphia 


Intermission 


Vice-President Robert Oblath, Presiding 


Asian Influenza: Localized Epidemic Large Closed Population 
William Boger, M.D., and Jack Frankel, Ph.D. (by invitation), Norris- 
town 


Quantitation the Fibrinolytic System Man 
Paul Boyles, M.D. (by invitation), William Meyer, M.D. (by invitation), 
Jack Graff (by invitation), and Paul Gerber, Jr., M.D. (by invitation), Miami 


The Tenth Annual Lewis Harvie Taylor Lecture: The Newer Penicillins 
Harry Dowling, M.D. (by invitation), Chicago 


Emmet Kelly, M.D., Presiding 


Hypercalcemia: Clinical Spectrum 
Noble David, M.D. (by invitation), John Verner, M.D., and Engel, 
M.D. (by invitation), Durham 


Effect Nalorphine Pupil Diameter 
Henry Elliott, M.D., and Leon Way, M.D. (by invitation), San Francisco 


The Use Hydroxychloroquine the Treatment Rheumatoid Arthritis 
Charles Denko, M.D., Ph.D. (by invitation), Columbus 


The Effect Varying Doses the Steroids Upon the Lee-White and the 
Heparin Retarded Clotting Time 
William Rawls, M.D., New York 


The Future the American Therapeutic Society 
President-Elect George Griffith, M.D. 
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3:10 


3:25 P.M. 


3:40 P.M. 


4:05 


4:45 


and Therapeutics 


Panel Discussion. “The Population Explosion: What Can the Physician 
About It?” 
Moderator: Howard Taylor, Jr., M.D. (by invitation), New York 


Population Density and Medicosocial Problems Indications for Conception 
Control 
Alan Guttmacher, M.D. (by invitation), New York 


Factors Involved Patient Acceptance Methods Used Population Control 
Mary Steichen Calderone, M.D. (by invitation), New York 


The Use Steroid Hormone Therapy for Oral Contraception 
Edward Tyler, M.D., Los Angeles 


Panel Discussion 
Moderator: Dr. Taylor; Drs. Guttmacher, Calderone, and Tyler 


Business Meeting 
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The anticoagulants 


Although the anticoagulants have been clinical use for only two decades, 
they are now established unique preventive agents. These drugs not lyse 
clots but prevent the formation When given doses they may 
prevent thromboembolic phenomena and subsequent death. Since they have few 
other pharmacologic effects, they are examples highly selective drugs. 


The coumarins 


Because the coumarins are effective orally and are relatively inexpensive, they 
have proved practical for long-term use. The synthetic compounds now available 
had their origin veterinary medicine. 

the 1920s new malady cattle involving fatal bleeding appeared.’ The 
disorder was traced stacks decomposing sweet clover hay. Roderick 1931 
emphasized that the decreased coaguability the blood was due deficit 
prothrombin (factor More recently, the coumarin derivatives have been 
shown have more than hypoprothrombinemic They also depress fac- 
tors VII, and 

Link and his co-workers isolated the substance from the hay and identified 
chemically bishydroxycoumarin (Fig. 1). 

Bishydroxycoumarin (Dicumarol) was released for clinical use 1940. Since 
then, variety related agents have been proved effective (Table I). They all 
act essentially the same way prevent manufacture coagulation proteins. 
Vitamin (Mephyton) counteracts those 

informative article comparing coumarin derivatives points out that there 
striking difference onset effect smoothness The agent 
choice the established drug with which the doctor most familiar. 

The coumarins are usually given orally. Warfarin, however, can given par- 
The drugs are absorbed from the gastrointestinal tract, but absorption 
slow, limited, and erratic and varies with the patient and the dose adminis- 
tered. The duration action and patient sensitivity vary greatly from patient 
patient, and cumulative action may complication. Furthermore, the mild 
hypoprothrombinemic effects aspirin may complicate the expected response 
may other agents such bowel-sterilizing antibiotics. 

With most these agents common doses now used, maximal effects are 
seen usually only after hours, although the drug can demonstrated 
present prior the maximal effect the blood-clotting scheme. There 
difference the speed action after intravenous oral dose. The size the 
dose determines the maximal decrease the clotting proteins and the duration 
effect. The aim therapy decrease the prothrombin activity deter- 
mined the one stage Quick test between and per cent normal. 

The fate these compounds relatively unknown. They are almost com- 
pletely metabolized slow degradation process. With clinically effective doses 
bishydroxycoumarin and phenprocoumon, the prothrombin activity usually 
does not return normal for weeks after stopping the drug. 

The coumarins cause bleeding patients who have some predisposing cause 
such duodenal ulcer. the Quick prothrombin test result drops below 
per cent normal, clotting time altered and patients are very likely bleed 
from minor injuries. The coumarins cause liver damage. the doses used 
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man, toxic effects are seen such damage small blood vessels. Large doses 
these agents animals can demonstrated have this effect. Occasionally, 
mild gastrointestinal symptoms such nausea, vomiting, and diarrhea have been 
reported. Skin rashes and agranulocytosis and hepatitis have occurred patients 
taking Side effects are unusual, and general there are minimal 
idiosyncratic reactions from these drugs. 


Heparin 


Heparin was discovered 1916 McLean, second year medical student 
working Johns Hopkins. Howell and Holt described the characteristics this 
anticoagulant and established its identity polysaccharide. Because its high 
concentration the liver, was named “heparin.” Important contributions 
improved methods extractions were made Charles and Scott. The drug 
still prepared commercially extracting from animal tissues such beef 
lung. Jorpes and his collaborators made rapid advances elucidating the chem- 
istry the compound, but yet the chemical constitution heparin has not 
been definitely established (Fig. 2). known naturally occurring 
mucoitin-polysulfuric acid. consists equal parts hexuronic acid and acety- 
lated glucosamine. 

The degree polymerization heparin unknown, but the molecular weight 
has been estimated approximately 20,000. Heparin strong acid—the 
strongest organic acid found the body. 

principal characteristic the molecule its strong electronegative charge, 
which most likely the basis for its anticoagulant properties. The charge affects 
the clotting proteins preventing their interaction, which coagulation. 

Howell noted the low toxicity heparin and early suggested that might 
useful the treatment disorders coagulation. However, was not until 
1937 that was first employed clinically Murray Toronto and Crafoord 
Sweden. 

The drug has vitro well vivo effect coagulation. must given 
parenterally, and when given intravenously some action seen immediately, its 


Table 


Proprietary 
Drug name effect Recovery Initial dose dose 


Maintained 


Route 
Aceno- 
24-48 hr. hr. 16-24 mg. 2-10 mg. Oral 
48-72 hr. 24-72 hr. 300 mg. 75-100 mg. Oral 
Bishydroxy- 
Dicumarol 24-72 hr. 7-9 days 200-300 mg. 25-100 mg. Oral 
Ethyl biscou- 
macetate 18-24 hr. hr. 1.5-1.8 Gm. Gm. Oral 
Phenindione Danilone, 
Hedulin, 
Indon 18-24 hr. 24-48 hr. mg. 50-100 mg. Oral 
Phenpro- 
coumon Liquamar 36-48 hr. 7-14 days 21-30 mg. Oral 
Warfarin Coumadin Oral, intra- 
sodium sodium, muscular, 
intra- 
adin 12-18 hr. days 10-50 mg. 2.5-10 mg. venous 
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Fig. Structural relationship warfarin sodium bishydroxycoumarin. Bishydroxycou- 


Fig. Tetrasaccharide unit heparin. 


peak effect occurring minutes. thought that this time required for 
full combination with the clotting proteins. Heparin effect measured some 
therapists its action the clotting time. Their aim increase standard 
clotting time two three times the normal value hours after intramuscular 
administration and sure the clotting time least one times normal im- 
mediately before the next drug administration. Other therapists give fixed 
amounts and not gauge the doses clotting times. 

The metabolism heparin not fully understood. About per cent 
given dose appears the urine active form. Another portion depolymerized 
inactive form which excreted the urine. The existence the liver 
heparin-inactivating enzyme has been established. Even after large doses given 
intravenously, the effect gone within few hours. Agents such protamine 
sulfate milligram for milligram dose ratio quickly counteract heparin effect. 

The most important adverse effect from heparin hemorrhage. usually 
not observed the patient who does not have some predisposing cause. While 
anaphylactic reactions heparin have been reported, such major sensitivity 
rare. Rash and fever are seen times. heparin given subcutaneously re- 
peatedly, many per cent the patients may develop local reaction 
the wheal and flare type. Reactions certain brand heparin may avoided 
selecting different brand. Another complication heparin therapy alo- 
pecia. This uncommon and usually disappears within approximately months 
after cessation therapy. Heparin substitutes have caused alopecia high 
percentages the cases tried. Because toxicity, heparin substitute has 
yet gained clinical acceptance. 


Therapeutic uses 


Unfortunately, enthusiasts have given the impression that these agents are 
panaceas for thromboembolic disease. Actually, few examples striking effec- 
tiveness the anticoagulants have been proved. the other hand, well 
known that severe bleeding and even death may occur even with reasonably 
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careful use these agents. completely satisfactory method safely regulat- 
ing coumarin dosage available generally. new test called the 
holds promise better control. 

Many types clinical conditions have been thought indications for anti- 
coagulant therapy. Discussions use rheumatic heart disease, thrombophle- 
bitis, etc., are considered Newcomb’s article 

Because believed that the therapeutic usefulness these agents (the risks 
balanced against the benefits) can carefully evaluated exclusively through 
controlled trial, only such information therapeutic usefulness will stated 
here. Striking reduction pulmonary embolism with coumarin agents has been 
proved patients who are recovering from femur fractures for which they have 
been Similarly, marked reductions the number thrombo- 
embolic phenomena have been shown patients with congestive heart 
Patients with angina pectoris without myocardial infarction congestive heart 
failure have had important reduction mortality phenindione when the 
prothrombin-proconvertin test was kept per cent normal.’ Less striking 
but clear improvement has been shown the infarct recurrence rate and mor- 
tality after myocardial infarction men under Critical trials with anti- 
coagulants patients with cerebral thrombosis did not seem show practical 
benefit these The other claims for usefulness have not been supported 
yet satisfactory evidence. Since these agents are potentially harmful critical 
look proper before therapy undertaken! 
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final section the book principles and techniques are 
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failure. All this new information explained such way 
give you very practical help providing improved care 
for your patients with pulmonary diseases. 
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